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CONSERVATION AND RESTORATION 
OF STAINED GLASS AND GLASS OBJECTS 

WORKSHOP SCHEDULE 
F O ~ D  CONSERVATION CENTER 

JULY 27-31, OMAHA 

DAY ONE - MONDAY, JULY 27 

9:OO - 9:30 
9:30 - 10:30 
Break 
10:45 - 12:OO 
Lunch ' 
1:30 - 2:30 

Break 
245 - 3:45 
Break 
400 - 5:OO 

Introduction to the Seminar (All Presenters) 
Lecture: Glass Chemistry and Properties, I (Reedy) 

Lecture: Glass Chemistry and Properties, II (Reedy) 

Lecture: The History of Glass and Stained Glass 
(Reedy, Higgins) 

Lecture: Glass Deterioration (Reedy, Higgins) 

Lecture and Discussion: The Examination of Glass Objects 
(All Presenters) 

DAY TWO - TUESDAY, JULY 28 

900 - 10:30 Lecture: The Structure of Stained Glass Windows (Higgim) 
Break 
10:45 - 12:OO Lecture: Structural Stability and Stabilization Options (Eggins) 
Lunch 
1:30 - 230 Demonstration and Workshop: Disassemblv 

(Higgins, Long, Reilly) 
Break 
245 - 5:OO Lecture, Demonstration, and Workshop: Cleaning Glass 

(Higgins, Long, Reilly) 

DAY THREE - WEDNESDAY, JULY 29 

9:OO - 10:30 Lecture, Demonstration, and Workshop: Mechanical and 
Adhesive Repairs: Gluing, Infusion, and Hinging 
(Higgins, Long, Reilly) Part I: Mechanical Repairs 

Break 
10:45 - 1200 Part 11: Adhesive Repairs (Higgins, Long, Reilly) 
Lunch 
1:30 - 2:30 Lecture and Demonstration: Compensating for Losses: 

"New" Glass and Fabricated Fills (Higgins, Long, Reilly) 
Break 
245 - 3:OO Lecture and Demonstration: Mold Making, Fills, and Filling 

(Higgins, Reillv, Long) 



! THURSDAY, JULY 30 . . . : . . 

Workshop: Mold Making, Fills, and Filling (Higgins, Long, 
Reilly ) 

Lecture and Demonstration: The Consolidation of Paint (Higgins) 

Lecture: Cosmetic Reintegration: Overpainting, Inpainting, 
-ing Fills (Higgim, Long) 

rhop: Continue Workshop Projects (Higgins, Long, Reilly) 
cn 
0 

AY,JULY31 
0 

F 
rn ;e: Reassembly (Higgins) 

! 

-e: Ins tallation and Protective Glazing (Higgins, Vogel) 

,v orkshop: Finish Projects and Clean-up (Higgins, Long, Reilly) 

Continue to Finish Projects 

Seminar Review, Questions, and Evaluation (Higgins, Long, 
Reill y ) 

Public Lecture: 
"Color and Light: The Conservation of Stained Glass" (Higgins) 
Followed by Reception, Joslyn Art Museum 

Gerald R Ford Conservation Center July 1998 
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Glass and Stnined Glass Conservation Workshop 

INTRODUCTION 

The Glass and Stained Glass Conseryation Workshop will be a five-day seminar on 
restoration and conservation of three- dimensional and stained glass objects at the Gerald R. 
Ford Conservation Center in Omaha. Designed chiefly for practicing objects conservators, 
stained glass professionals, and historic preservationists from the Midwest, who have few such 
training opportunities due to geographic and other constraints, the seminar will cover current 
cleaning, repair, and restoration techniques. Mary Clerkin Higgins, conservator of stained glass 
will be the primary presenter for the seminar and will give a public lecture about conservation 
on the final evening. 

This training will apply up to date knowledge and techniques that are used in three 
related, but professionally segregated sub-specialties, to the conservation of glass objects The 
seminar is designed to substantially broaden the knowledge and exposure of all participants, 
whiIe forging stronger ties between related specialties. The seminar wilI also present a needed 
learning opportunity for mid-career objects conservators and other professionals in the 
Midwest, who might not have been exposed to this information in their previous training or 
work environments. 

The seminar will have broad application in preservation practice and contribute to a 
better distribution of knowledge in historic preservation because the techniques can be applied 
to flat glass of many types and objects as diverse as cathedral windows, desk lamps, 
architectural elements and art glass. 

This training will offer the exciting opportunity for conservators in differing areas of 
specidization to share, compare and contrast similar techniques and materials in a workshop 
atmosphere. Attendees will learn the basics of glass chemistry, how glass deteriorates over 
time, appropriate cleaning techniques, how to glue breaks, how to mold and cast fills, and 
principles and techniques of cosmetic reintegration. Thus they will be able to continue to work 
with the restoration and conservation of stained gIass and glass objects with more confidence 
and more sophisticated methods and materials. 

The planned public lecture will also increase general knowledge of conservation 
practice among local museum professionals and the public. 

Workshop Goal: 

The workshop's goal is to increase the abiIity of objects conservators, stained gIass 
professionds, and historic preservation professionals to successfu~ly preserve cultural resources 
made of glass through increased knowledge of the chemistry, manufacture, restoration, and 
conservation of these materials. 

Genld R. Ford Conservation Crntcr 7/98 



Glass and Stained Glass Conservalion Workshop 

Workshop Objectives: 

I .  After attending the seminar, participants will be able to identify the principles, 
materials, techniques, chemistry and approaches to treatment in glass conservation. 

2. Participants will be able to apply the above knowledge to treatment of both flat glass 
and a variety of glass objects during the scheduled course lab sessions and to compare 
and contrast the approaches used in allied professions. 

3. Participants will become familiar with the services and facilikes of a complete 
laboratory dedicated solely to conservation practice at the Gerald R. Ford Conservation 
Center during the scheduled sessions. 

G e d d  R. Ford Conservation Ccnrcr 7/98 



Glass and Stained Glass Conservation Workshop 

COURSE INSTRUCTORS 

MARY CLERKIN HIGGINS, is an artist an2 conservator in private practice who has worked 
in stained glass for over 22 years. In 1986 she established the Clerkin Higgins Studio. She is a 
member of the Board of Governors of the Census of Stained Glass in America and is actively 
involved in the field of conservation, lecturing, and writing on the subject. She is a 
Professional Associate of the American Institute for Conservation (MC), as well as a former 
Secretaryflreasurer of the Objects Specialty Group of AIC. She is also an Associate Member 
of the Internationd Institute for Conservation (UC). 

Ms. Higgins has conserved a number of notable works in stained glass from the 121h through the 
2oth centuries. Her practice includes both museum and architectural glass, with public 
institutions and private individuals as clients. She also creates new works. Her stained glass 
has been exhibited internationaIly and noted in articIes and reviews. 

CHANDRA L. REEDY, is an Associate Professor, Museum Studies Program, and Director, Art 
Conservation Research Ph.D. Program at the University of Delaware. She is responsible for 
designing and teaching courses in materials and technology of ceramics, glass metals, and 
stone; conservation research methods, experimental design, and data analysis; and for topics in 
Asian art history, museum studies, and historic preservation. 

JULIE A. REILLY, has worked in objects conservation for the'Nationa1 Museum of American 
History, Srnithsonian Institution; the Applied Archeology Center of the National Park Service; 
The Colonial Williarnsburg Foundation; and the Henry Francis du Pont Winterthur Museum 
and Gardens. She served as Adjunct Associate Professor for objects conservation for the 
Winterthur/iJniversity of Delaware Program in Art Conservation and is currently an Adjunct 
Professor for the Museum Studies Department at the University of Nebraska at Lincoln. She is 
currentIy an Associate Director and Chief Conservator for the Nebraska State Historical Society 
where she directs the new Gerald R. Ford Conservation Center in Omaha, Nebraska. 

DEBORAH L. LONG , currently is the Objects Conservator for the Ford Conservation Center. 
Deborah has worked in objects conservation at the H, F. Du Pont Winterthur Museum in 
WiImington, Delaware for the last nine years, where she also served as adjunct assistant 
professor in objects conservation, for the WinterthurAJniversity of Delaware Graduate Art 
Conservation Program. 

Grnld R. Ford Consen.ntion Center 7/98 



Glass and Stained Glass Conservation Workshop 
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GIass and Stained Glass Conservation Workshop 
SAFETY RULES FOR THE FORD CENTER LABS 

The following rules are designed to ensure the safety of individuals and,arrifacts present in the 
laboratory spaces. Failure to comply with the rules listed below may prohibit you from participating in 
activities. 

Smoking is not permitted in the Ford Center. 

Food and drink are only permitted in the lunchroom. Gum and candy are not permitted in the labs. 

Workshop participants are not permitted in the conservation laboratories without a designated Ford 
Center staff member present. 

Never perform unauthorized work in the lab. 

Horseplay is not allowed in the labs or in other areas where museum objects are likely to be found. 

All tables and several chairs in the labs are fitted with wheels. Be careful not to lean on or push them. 

Always be aware of objecrs and people present around you as you move through the laboratory space. 

Treat every object as if it were an accessioned museum object of the highest value. Many of the objects 
are accessioned objects on loan from local museums. 

Never leave your object unattended without posting a clearly legibIe "Object Below'' sign and coveting 
the object with a clear plastic cover. 

Work spaces shouId be kept neat and free of clutter at all times. 

No shorts. sleeveless shirts. or open-toed shoes are permitted in the labs. Clothing with loose fitting 
sleeves should be avoided. Loose jewelry and ties should be either confined or removed. Long hair 
should be tied back. 

Safety glasses must be worn at all times in the conservation labs unless instructed orhenvise by a Ford 
Center staff member. 

Appropriate gloves must be worn when so instructed. 

Hands should be washed preceding and following laboratory work. 

Do not touch. smell. or taste any materials in the labs unless specificaIly instructed to do so. 

Writing implements which utilize ink are not aIlowed in the lab. Only pencils may be used. 

Do not leave any flammable marerials in close proximity to heated apparatus. Never leave heated 
devices unattended. 

Sharp blades must be closed or shielded when not in use. Ail sharp waste items. such as knife blades. 
should be placed in the sharp disposal can. 

Immediately notify a Ford Center staff member of any damage or injury. 

Gerald R. Ford Conserv*?rion Cenrer July 1998 





Glass and Stained Glass Conservation Workshop 

C.REEDY: NOTES FOR GLASS AND STALNED GLASS WORKSHOP, JULY 1998 

THE "GLASSY STATE" 

Glass is produced by cooling molten solids in such a way that crystallization does not occur and the 
material remains amorphous. 

Glass = a Su~ercooIed liquid, contrasting with crvstalline solids (where atoms occupy definite 
compositions in an ordered three-dimensional crystal lattice structure, with precise periodicity and 
Syrnmetr~). 

Glass atoms are aIso arranged in a three-dimensional network, but without the periodicity, symmetry, 
and definite order of a crystal lattice. 

- - - - . - - ---------- 
Just below the melting temperature the glass must-be cooled very quickly, giving crystals no chance 
to form and grow. 

At freezing point most liquids change to a solid because the internal energy is minimal and the 
system is stable. 

A supercooled liquid contains more heat energy than is appropriate for its temperature and it is thus 
more unstable. 

But to reach the stable (crystalline) state, it would have to break the intermediate bonds in the Iiquid 
and make new bonds to form a crystal lattice structure. The bonds are too strong for this to happen. 
It gets more and more difficult as the temperature falIs, and by room temperature it is essentially 
a liquid which has become too coid to freeze. 

STRUCTURE AND COMPOSITION OF GLASS 

GLASS STRUCTURE 

Glasses have liquid-like structures, and are solutions (homogeneous mixtures of substances of 
dissimilar molecular structure) rather than chemical compounds with constituents combined in fixed 
arnoun ts. 

Thus glasses can be found with a wide possible variety of compositions and properties. 
Major constituent = SiO,, usually derived from sand. (The silica tetrahedron). 

In the various forms of -crystalline silica, each oxygen atom is shared by two silicon atoms: a 
structure is built up by the sharing of corners by pairs of oxygens. 



Differences between crystal and glass: 
GIass structure is more open 
In glass the shared comers are arranged irregularly 

Quartz sand will not melt until about 1700" C. Adding metallic oxides Iowers melting temperature 
to 600-700' C by lowering viscosity because positiveIy charged metallic oxides introduce extra oxygen 
into the structure, so it is no Longer possible for every oxygen to be bonded to two atoms of Si. 
Those bonding to only one Si break the continuity of the network The new bonds between them 
and the metallic ions are weaker. 

At any given temperature the viscosity of a glass contaihing suitable metallic ions is less than that 
of pure silica. Thus the glass can be worked at a more reasonable temperature. 

Oxides usually used to modify the structure of molten silica and disrupt the viscosity of the network: 
NqO, CaO, MgO, KO, PbO. 

They may also be added to affect other properties as well as viscosity. 

Silica = glass former - has a three-dimensional crystal lattice, when heated enough it will break 
down and take on the random configuration of a liquid, but if a modifier (the metallic oxides) is 
added, _and the melt is cooled too rapidly to allow crystalIization, it wiII form a glass. 

Result is an irregular three-dimensional network of silicon and oxygen atoms entrapping the modifier 
atoms. 

Modifiers lower melting temperature, reduce viscosity of liquid glass, but some (Na, K) also diminish 
chemical durability of the glass by increasing its solubility in water. 

StabiIizin~ compounds decrease solubility of soda and potash glasses to improve chemical durability. 
Lime or magnesia usually used. 

GLASS COMPOSITION 

1. Soda-Lime Glass 

Na=O is added as the metallic oxide. 

CaO is added as a stabilizer in the form of limestone or as an impurity in the sand, producing soda- 
lime-silica glass. 

Most common of a11 glass types, especiaIIy in the ancient world. Easily molded, can be blown thin, 
and easily drawn into fine threads. 

UsuaI composition is about 75% sand, 15% soda, and 10% lime. 



The high alkali content reduces the melting temperature to 725" C, but a high temperature will still 
be needed to reduce the viscosity enough to obtain a homogeneous melt and a transparent glass. 

Some alumina (A1,0,) is usually added to improye chernicd durability and to reduce tendency to 
crystallize. 

Ma~nesia (MgO) helps decrease solubility along.with the Iime, and may also be present. 

Compositions may vary but an overall balance is required. Too much soda causes glass to corrode 
too easily; with too much CaO tends to crystallize and is more susceptible to weathering; too much 
A,O, raises the softening temperature. 

2. Potash Glass 

When KO is substituted for Na,O, the glass hardens more rapidly and at a higher temperature. 
.Thus potash g1ass.i~ less suitable .than-soda glass-for molding techniquss.of mcient_gl-as?@cers,_ 

3. Leaded Glass 

PbO serves as .a modifier to lower softening temperature. It yields a high density glass with a 
brilliance that was often sought after. 

Natural sand contains some impurities such as ~ a . 0 ,  so some additional ingredients could easily come 
from the sand. 

THE CHEMISTRY OF GLASS COLORING 

IMPURITIES VERSUS DELIBERATE COLORING 

Main constituents of the glass are responsible for the color of the glass unless other agents are added 
deIiberately. SiO,, Na,O, K,O, and CaO produce colorless glass; small amounts of metallic oxides 
will produce color if present. This color may be accidental or intentional. 

Iron impurities in the sand often provide unintentional coIor to glass. Ferrous (Fe2+) ions = blue 
gtass; femc (Fe3+) ions = yellow glass; combined ions = "bottle greenn glass. Less than 1% is 
sufficient for this green effect. Romans added MnO, when iron was present = gray. Melting in a 
reducing atmosphere of a smoky fire increases proportion of ferrous ions = blue glass. 

Intentionat colors served to mask the  naturaI green, brown, and purpIe tints produced by impurities 
in the raw materials. It may also have been the intent to imitate the colors of semi-precious stones. 

The glassmakers must also controI furnace conditions. Example: copper oxide in a reducing 
atmosphere (non-oxidizing and rich in carbon monoxide) = red glass; in an oxidizing atmosphere 
= blue or green. 



COMMON COLORING AGENTS 

Antimony 
Cobalt 
Copper 
Gold 

Iron 

Manganese 
Silver (sulfide) 
Tin 

Yellow 
Pale to dark bIue . 
Blue, green, red, depending upon furnace conditions 
Ruby red (when added as minute metallic particles to the glass, which 
is then reheated) 
Untreated = green or brown. If combined with other metals (usually 
manganese or antimony) = yelIow, amber, brown, or black 
Purple, rose-pink 
Deep yellow 
Opaque white 

Many coloring agents can also be used as decolorizers = to neutralize the effects of any impurities 
present. 

O~al-mdo_pPagu_e#shs -= results w!e_n_sm$-proportions of crystals form as one of the components 
separates out of the melt during cooling, producinga smdl-niiiiitiier'of ~st2Is-w3KiiY-theeegTaSSy 
matrix. Effect varies from cloudiness to opalescence. 

Tin oxide and antimony (as stibnite, Sb,S,) were often used as opacifying compounds. 

Stibnite reacts with metal oxides in the glass melt to form antirnoniates - C%Sb,O, = a white opal 
glass; Pb,Sb,O, = yellow opaI glass. The only opacifiers used in antiquity. 

Tin oxide was also added after the circa 4th century B.C. 

TRANSFORMATION OF RAW MATERIALS INTO GLASS 

BASIC RAW MATERIALS 

Silica is usually sand, could be crushed quartz pebbles. 

Major source of soda component is natural sdts, occasionally from evaporation of water bodies or 
deliberate evaporation of sea or river water in pits (again, might get calcium or magnesium etc., as 
impurities). 

Most often, plant ash (or wood'ash) is aiso used for soda or potash glass depending upon plant 
composition. 

PIant ash = N q O  or GO, pius some CaO, MgO. Composition varies greatly from plant type to 
plant type, and for the same plants in different soil conditions. 

Lime was often not deliberately added to ancient glass, but was an important constituent of the sand 
and/or aIkali. 



MATOR STEPS IN TRANSFORMING RAW MATERIALS INTO GLASS 

1. Mixing 

The batch, including the glass former, modifier, and stabilizer, are initially mixed together as a dry 
powder. Excess glass from a previous melt of'the same composition as the raw materials might be 
included (cullet). The craftsman might also add decolorizing agents, coloring agents, or opaclfiers. 
Often the alkalis and some of the sand would be pre-heated and partially fused to form a "frit". 

Problems: n e  alkali sources available to ancient glassmakers varied widely in composition, and 
contained a high percentage of material that could not be incorporated into the glass. These 
impurities were sometimes removed before melting. 

Ash was crushed finely and boiled repeatedly, the extracts were ladled into earthenware bowls to 
settle after each boiling. The liquid was evaporated until crystallization occurred. These salt crystals 
were skimmed off, crushed, and sieved. Any remaining impurities are skimmed off during melting. 

. - - , - .. .- - - . - . - . . . - . . - - - - -. - - - - - - - - - , 

But, the more purified the salt, the more the natural stabilizers were removed, affecting the 
durability of the product. 

2. Melting 

Melting of the mixed ingredients is done in a furnace (often divided into areas for fritting, melting, 
and annealing). The cullet will sofien first, and its liquid helps the solid part of the batch to move 
around and mix with each other. Eventually a viscous liquid has formed and the entire mixture is 
fused together (1300-1500" C). The temperature will then be kept steady for several hours or is 
raised to improve mixing and remove bubbles and streaks. The homogeneous mixture of crystals 
takes on tbe properties of glass during this period, The temperature is then lowered somewhat to 
raise the viscosity for the fabrication stage. 

3. Fabrication 

Has to be completed during the short cooling phase (a few seconds to a few minutes). If more work 
is required after the highIy viscous liquid becomes a solid, it must be reheated. Usual fabrication 
techniques are casting, drawing, blowing, and pressing. (3000 B.C. industries begin, 30 B.C. blowing) 

4. Annealinp 
, . 

All finished glass is annealed to relieve any internal stresses to they wilI not be fixed into the solid 
glass. Glass is reheated to very near the softening point and held there for a few minutes, then is 
cooled at a controIIed rate. If not done, fractures may result. 

5 .  Finishin y 

Cold finishing = rernovaI of excess glass by cutting, drilling, engraving, grindin&, or polishing. 
Hot finishing = reshaping and fusion sealing. 

... 



ANALYTXCAL TECHNIQUES F O ~  STUDYING GLASS 

COMPOSITIONAL, ANALS'SIS 

Almost all ancient glass is soda-lime-silica glass. Analytical results usually are aimed at identifying 
other characteristics. 

If the workability of glass.of various compositions is known, a chemical analysis can be used to 
evaluate the choice of raw materials. 

By PEE, XRF, SEM with XRF attachment, or by electron microprobe. 

2. Isotopic Analysis 

Lead Isotoue Analvsis 

Pb-204, Pb-206, Pb-207, and Pb-208 are found in different proportions in different geological 
environments. Thus lead from different ore deposits can sometimes be distinguished from each 
other. Determining the fractional composition of the isotopes with a mass spectrometer is a 
technique that can be done on the lead impurities in glasses, or on any glass in which Iead was added 
as an opacifier or colorant. 

ProbIems: Can only group by common origin, cannot say-where they are found unless have samples 
from all potential sources. If remelting of glass from a variety of sources occurred, will get incorrect 
groupings. 

O w ~ e n  Isotope Analvsis 

160/'00 ratio varies in different materials. Glasses of different origins tend to have different ratios. 

But there has been littIe work done on this as a provenance or authenticity tool. 

ANALYSIS OF WEATHERING MYERS 

Obsidian can be dated by measuring its hydration layers. Applications to human-made glass have 
not yet been well developed. Need intact layers, periodicity, wet environment, corrodible gIass. 



HISTORY OF PRODUCTION METHODS AND AESTHETICS LN GLASS 

PRODUCTION METHODS 
Carving 
Pressing in molds 
Lost wax casting 
Core forming 
Fusing and slumping 
Cane making 
MilIifiori 
BIowing 
Blowing into molds 
Dip molds 
Machine pressing 

SURFACE DECORATION . . 

Glued-on decorations 
Painting 
Enamelling 
Gilding 
Silvering 
Cutting 
Stippling 
Engraving 
Acid etching 
Threading 
Modelling 
Sandwiching 
.Blabbing 
Cages 
Cameo 
Sulphides 
Flashing 
Staining 
Ink transfer printing 
Crimping 
Heat sensitive colorants 
Marbling 

EXAMPLES OF SPECIALIZED PRODUCTS 
Mosaic glass 
Islamic glass 
Asian glass beads and inside-painted snuff bottles 
Roman products 
Venetian products 
17th-19 th century English glass 
Early American bottles 
Early American windows 



DETERIORATION OF GLASS . 

ENVIRONMENTAL FACTORS. 

Dry environment = little decomposition. ' 

Wet environment = soluble substances (alkalis) leached away, leaving a hydrated residue with a high 
silica content (shown by SEM with XRF). These crusts take a layered form (microscopically). 

BACTERIAL ATTACK 

Once decomposition begins, bacterial attack in the burial environment or prior to burial can 
accelerate the process. 

Differential corrosion of glass from the same site may be due to bacte~~gta_ck,.effects. .- - A - 

FORMS OF CORROSION 

High silica content = greater susceptibility to pitting corrosion. Weathering products form in these 
pits and associated cracks (often gypsum). An initial weathering stage. Later the layered weatheting 
crust will form on the surface. Opaque crust with a gypsum corrosion product dong with amorphous 
hydrated silica. 

In leaching process: Alkaline network modifier ions are replaced in an ion exchange process by 
hydrogen or hydrogen-bearing ions. Alkaline earths may dso be affected. 

Fractures - take place at defects (microscopic fractures, flaws, scratches). 

Devitrification causes opacity and tendency to fracture around crystals as they form. 

Grizzling - Na glasses, Na leached out in moist environments, glass absorbs moisture, sodium 
carbonate forms a film on surface, dulling glass. 

Weeping - K glasses, instead of forming a film, potassium carbonate appears as droplets on the 
surface. 

Where SO, is present in the atmosphere, sulfides such as gypsum will form on the surface. The 
Ieaching process occurs faster in SO,-rich atmospheres. Big problem with medievai windows in urban 
environments. 



THE CENSUS OF STAINED G M  WINDOWS IN AMERICA 

The Census of Stained Glass .Windows in America is a not-for-profit organization founded in 1979 to 
establish a record, both historical and pictorial, of architectural stained glass in the United States from the t h e  of its 
f ist  appearance. Windows of both American and European manufacture are induded. The goal of the Census is to 
collect and disseminate artistic, historical, and technical kifonnation that will serve as a basis for study of this form of 
architecturd embellishment. yindows fiequentIy contain more specific references to the society that produced them 
than any other aspecC of a building. Donors are noted in inscriptions, preferences for one kind of artistic ityle over 
anolher evident through the choice of studio, attitudes towards religion displayed by the type of imagery (or lack of 
it), and the wealth and social status of the patron conveyed by the lavishness of the commission. Serious study of alI 
of these questions & contingent on locating and identifying these highly visible, but little understood aspects of our 
national heritage. To these ends the CSGA brings together experts from many different fields: specialists in the field 
of stained glass, architectural historians, art historians, museum professionals, and preservation experts. 

For Further information contact Virginia C. Raguin, CSGA Director' 
College of the Holy Cross, Worcester, MA 01610 March 1990 

. .- - . - -- CONSERVATION AND - R E S T O R ; 9 T I O N - O F S T f l N E D 7 ; ~ K -  - -  

AN OWNER'S GUIDE 

prepared by 

The Census of Stained GIass Window in America 

This forty-page illustrated booklet covers alI major questions in stained glass repair. Attention is paid to the 
importance of conserving an architectural art form that commemorates the religious, social, and economic history of 
a community. The dangers of over zealous restorations are reviewed. The text describes the essential elements of a 
stained glass window and includes a glossary of terms describing the varieties of windows and their technical 
structures. Simple steps a r e  given to help plan a conservation campaign, such as suggestions for photographic and 
written documentation, points to be noted in examining the structural and decorative fabric of the windows, and 
questions to ask potential restorers. A section is devoted to specific cleaning and mending methods, those approved 
and those to be avoided. The owner is also given suggestions for adapting windows to alternate installations and 
purchasing. security .nnd..iqurance. The imp.ortaut..and .often_controversialissues.of ..he. reinstallation - of- restored 
panels and the possible benefits and drawbacks of protective gIazing are included. The booklet also includes a list of 
agencies dealing with conservation issues and a selected bibliography of works on historic stained @ass. 

The booklet is designed as an unbiased guide for the owner of architectural stained glass, and certainly no 
church or public building with stained glass windows should be without it. The Old House Journal calls the Owner's 
Guide "a must-have for any person or group interested In restoring stained glass. It should prove of special use for 
church and synagogue restorations." Several large Episcopal dioceses and Preservation Societies have made bulk 
orders of the guide so that all of the churches under their protection would have an informed guide. 

The booklet is available through 
Stained Glass Associates 

Box 1531 
Raleigh, NC 27602 

Price $3.65 per copy (includes postage and handling) . 
Substantial discounts availabIe for bulk orders 

Telephone (919) 266-2493 or 833-7668 



THE CENSUS OF STAZNED GLPSS WINDOWS IN AMERJCA 
HINTS FOR EFFICIENT SURVEY WORK 

ORGANIZATION 

I. It is absoIutely essential to have a IocaI contact who can schedule appointments with owners or caretakers 
of the buildings. 

2 A team of three works efficiently. One "expert" can work with less experienced people in a very good 
relationship. Document gathering can be separated from the interpretation of the glass. Each person would 
transaibe information from the windows, especially inscriptiom. The entire group can look at d the windows 
together and make judgments as to type of glass, subject matter, etc 

3. It is extremely important to ask the owners of the building for information. Contact persons who provide 
Xeroxes of written material (even newspaper clippings) about the building are invaluabIe. Often parishes have 

. 

centenary publications and other commemorative booklets that describe the building of the church and the donors of 
the windows. Many have a church archivist or historian. Ask if these publications can be made available and if you 
could meet the individuals in these offices. 

4. The team Ieader must review the data sheets as a whole. ~ f t k n  reference to the material providcd by the 
contact person at the site will solve problems of difficult to read inscriptions or p w z b g  subject matter. 

5. It is inevitable that surveyors wiIl be asked questions about the condition of the windows and methbds of 
repair-. These, question .can be met bv stating that the Census is a'not-for-profit organization and forbidden - to enter .. 

into this area in specific cases. However, because the CSGA is aware of such concerns it has published Conservation 
and Restoration of Stained Glass: An Owner's Guide. Take= copy of the booklet with you on site, and give the 
churchfiuilding the flyer explaining how to obtain the booklet. See CSGA Constitution "The personnel of this . 
organization d l  not offer any senices in assessing monetary d u e  of stained glass widdows, nor will it recommend 
either restorers or methods of restoration. Nor will its publications or activities in any way whatsoever provide 
information relative to the sale or purchase of stained glass windows. The purpose of the organization is to record 
information, to make it publicly available, and to encourage the preservation and appreciation of the art in this 
country." 

PHOTOGWHY AND OTHER EQUIPMENT 

BASIC EQUIPMENT: Camera, (preferably with telephoto lense) tripod, tape measure, pen and penciI, data forms, 
flashlight, and binoculars. 

CAMERA It is essential to have a good camera that can be used without automatic features. A through-the-lens 
tight meter is quite efficient, but you must be able to regulate shutter speed and size of apertures yourself. 

FILM: ASAuXl or even ASA 4W'Ektachrorne slide film is-quite adequate. A,fast speed-will-allow many shots-to 
taken without a tripod. However, in almost all cases it is necessary to use a tripod for some windows, and above all 
for details using a telephoto lense. 

LIGHTING CONDITIONS: The idea1 climate condition for photographing stained glass is a slightly overcast day. If 
you are photographing on a bright day try to time your photography work to take advantage of the side of a building 
in shadow. If you shoot into a sunlit window the glare of the light wiIl distort the relationships among the coIors and 
often confuse your light meter. 

T W O R K :  HI survey teams should have one member who knows how to use a camera. If this person is the 
designated photographer, the others can concentrate on the written forms and work An proceed very efficiently. 
Take general views, but also take representative details that may be the most useful when attempting to identify the 
windows. It is recommended that some kind of working notes of the sequence of windows be kept, so that labeling of 
the slides becomes a routine job, not a guessing game. 



DIRECTIONS FOR CENSUS FORMS 

Remember that no survey yill ever be flawless of absolutely complete. Given the almost TOTAL negiect of 
leaded and painted windows in architectural or historical surveys of buildings in America, it is essential this work 
begin. Most of the information to be recorded on the sheets is factual. The information is a measurement, an 
inscription, an address, or is derived from material found in local guidebooks, historicid surveys, or in the archives of 
the building themselves. The drafting of a plan, numbering of windows, and a complete photographic record, where 
none &ted before, render inestimable service. Tnscri~tions should be noted exactly as written, with misspellings, or 
peculiarities such as script, or upper or lower case. Copy t h e m e  exactly. Attribution should ody be made oa 
the basis of a studio list, a commission, or bill of sale (note this in-). If conjecture, indicate origin of 
opinion, such as the researcher's name. Judgmental issues are more problematic. Use a question mark if the 
decision is conjectural. , . 

TYPE OF GLASS AND TECHNIQUE 

Opalescent: Glass typical of American studios from the 1880s-i$2Os, variegated in color, often of a milky, iridescent 
appearance. 

Antique or Cathedral: Traditional glass of uniform and translucent color; the same as Pot Metal glass of medieval 
manufacture. 

- -- - - - - --Slab^(dalle de Verre):.Eieces of glass, usually aboutone-inch thick, often facdediset within a concrete or epoxy resin 
matrix. A modern type of glass. 

Jewels or Cast Glass: Nuggets of glass inserted into windows for a decorative effect. 
Lead Came: Most common form of connecting individual pieces of glass. Usually of an "H" profile, the heart (or 

central bar) rests between the segments and the flanges (side bars) are pressed down to hold the glass in 
place. 

Copper-foil: Thin strips of copper floated on solder often used to mend cracks. 
Drapery: Opalescent type of glass formed into ridges to resemble drapery folds. 
Plating: The use of one piece of glass on another of a different texture or color and leading them together for a 

special effect. Very often used in glass by Tiffany, La Farge, and other studios of the opalescent era. 
Vitreous Paint: A mixture of finely ground glass, metallic oxides, and a liquid mixing agent use for painting on glass. 

It has to be fired for permanent adhesion. 
Silver Stain: A nitrate applied to the exterior of glass, popular since the 14th century. When fued it produces a 

variety of yellow shades. Silver stain was used wilh great sophistication in English Iate medieval and 19th- 
century styles, especidly in the canopy designs that frame figural images. 

Enamels: Vitreous colors applied to glass. The enamel colors were developed in the Renaissance, used through the 
18th century, and often found in the flesh areas of @ass of19th-century German and the Opalescent studios. 

Etching or Sandblasting: Processes that aIter the surface of the glass with acid or sand at high pressure; often a layer 
of another color glass i.i revealed Oftin uied-in ins~ri;~tions. 

SUBJECT MATTER 

The subjects of window are sometimes d'dficdt to recognize since often the users of a religious edifice have 
lost track of the meaning of some of the images. One can only make an~ffor t  and include a suffiaent description of 
the window (Description of Subject) to help a reader. If the subject is known, include anything unusual about the 
window. For example, the Visitation window of St. Michael's Church, Providence, shows both husbands as weIl as 
Mary and EIizabeth participating in the Visitation scene. A handy paperback guide to symbolism often makes 
interpretation of subjects easier. 

James Hall. Dictionarv of Sub-iects and Symbols in Art. New York ~a$ 'e ;& Row; Icon Editions. Most 
recent and comprehensive. 

George Ferguson. Sims and Svmbols in Christian Ar!. New York: Oxford University Press. 
Emile Miile. The Gothic Imasp. Princeton: Princeton University Press. Particularly for Gothic Revival 

programs. 



THE CENSUS OF STAINED GLASS WINDOWS IN AMERICA 
NUMBERING WNDOWS AND WINDOW SHAPES FOR SITELIST FORMS 

Two numbering systems are suggested but both require that numbering begin at the focal point of the space (altar, ark, 
podium, judge's bench, etc). A l l  windows are numbered whether or not they contain stained glass. Ground fl  
windows are nunibered from 0 to 99; next level from 100 to 1 9  and so on. The two numbering syitems ar : 

SYMETRICAL SYSTEM and chi CONSECUTIVE SYSTEM. 

-. 
SYMMETRICAL SYSTEM 
In this fuU cathedral plan; the center of the apse behind 
the high altar is the focal point. Widows within the same 
level are numbered left "L" and right "R" consecutiveIy. 
Notice that the sacristy, a separate room, is numbered separately 
 receded by "S" for sacristy ahd from left to right for cIockwise. 

-- ------ - ----+- 

Nwt- A I S L E  

0 

R t O O  
4 

CONSECUTIVE SYSTEM 
8 ' 

Example of a building with two levelsof windom and a glass dome in 
the ceiling. The building is numbered .consecutively and cl&kwise 
from the fod--point-behind- the-podium. -The nartha-is-numbered 
separately and the dome on the third IeveI is preceded by "1)" for dome. 

WINDOW SHAPES: Six general window shapes are presented. Select the shape that corresponds most close$ to the 
window under study and enter the number on the line designated Window Shape." 



THE CENSUS OF STAINED GLASS WINDOWS IN AMERICA 

BUILDING SKETCH PLAN. 

SITELIST FORM 

Researcher 
street 
City 
State & Zip Phone 

Date , Time expended 
Slides? 
Photos? 

State County City Zip 

Name of Building 

Function or Type 

Address . 

Contact Person, Title . Phone 

Date of Construction Architect , 

Alteration, Date Architect 

Number of Figural Windows Ornamental Widows 
(Including Scenic or Abstract) 

.- . 



Researcher 

Date 

THE CENSUS OF STAINED GLASS WINDOWS IN AMERICA 

WINDOW DATA 

Building 

City 

Location & Number on Plan Window Shape: Date of Window 
(If Ornamental, just group windows but give numbers) 

Attributed to: Signature 

Subject of Window 

Dimensions: H. W. 

Inscriptions 

Type of Glass and Technique (Check as many as apply) 

Opalescent 
Antique or Cathedral 
Slab (dalle de Verre) - - 
JeweIs or Cast Glass - 

Lead Came 
copper-foil 
Drapery - 
Plating - 

Vitreous Paint - 
Silver Stain - 
Enamels 
Etching or~andbtastia~ - 

Other 

Description of Subject (Brief) 

Arms (if appIicable) 

Donor Memorial to: 
C' 

Condition of Window 

Exterior Protection 
a '  

Restoration Date 

Bibliography 



THE CENSUS OF STAINED GLASS WINDOWS IN AMERICA 
s P / Y P L E  

SEELIST FORM 

- 

7 -- -- 
Researcher h I 

street r G 4 a 2 L u . d  
/ b* 

I 

Pbb4.J 
~ i r y  ZcLuJ W t  tVa Y: / 
State gL Zip Phone 21 L7L3 - 3 700 

BUILDING SKETCH 
Date /d/22/$5' Time upcndcd 4 
Slides? . r Photos? 

1' r' 
C P  

P 
9. h 

1 .  
1 4 )  ; ; ; I  

state R I county . U City Zip 0 Z B 4 6  

*, - Address , 

Y & l J L . J d Q d ~  Contact Person, Tide Phone ' 

Date of Construction _ 1848 - / 8 5,3 ~ r c h i ~ c t  6%iL!%u5 CJ -1 @*A 

Alteration, Date . 18 72 1785-6 

Number of Figural Windows 36 Ornamental Wiqdows 0 
(Including Scenic or Abstract) 



THE CENSUS OF STAINED GLASS WINDOWS IN AMERICA 

WINDOW DATA 

5.A-M P L E  
Researcher c H  k' -7 ~uitding -5t hlR r y  Is. 

Date I L \ / ~ X / ~ ?  ao h/c LL* it 

Lacation & Number on Plan &,Y KG Window Shape: 5 Date. of Window. / By 3 - 7 5 
(If Ornamental, just group windows but give numbers) 

SubjectofWindaw TI?P . ~ y l n u n C , a f / ' L \ q  / G c d  f l l c  C . i t l r ~ ~  ) M  @JC 

I /  
Dimensions: H. / 0 2 

De/?n+d b y  / M r  
. I 

Inscriptions q.. ~ h r o d c r r .  h a  v e m e y r r  

Type of Glass and Technique (Check as many as apply) 

Opalescent - Lead Came t/ Vitreous Paint t' 
Antique or Cathedra1 J Copper-foil - Silverstain P- 
Slab (dalIe de Verre) - Drapery - Enamels L- 
Jewels or Cast Glass - Plating - Etching or Sandblasting - r/ 
Other F / o . s ~ c ~  c" crlrrtdr. d 

Description of Subject (Brief) ,&.:.,* / oqcmrs fo vi r g ,  n r .  vrtr ,-,-u,of~d u f f o  1.1 y d~.r  1 , 
1 lhsr o f /, /,rs r q m l . ~  j of  ' / / t>r ,ns  , ~ u ~ Y A  ri , .>-n~ f c  hrs p w r J o  f 7% 

' . /-1./y .rfl.;+ ; l q J  I+CJP 
Arms (id appIicable) 

/1/0 f l  f? 

Donor Mrs. Ti7 lrro dn r r H a r e n g ~ y e  r Memorial to: no i4d  
/ 

C.  

Exterior Protection V Ps - f X  rl t. r G/Q.~-s 1.1 f r~ rwr-5  
I 

J 4 '  

Restoration Date , Y g T - b  



Conracr/Researcher J * FARI.ISWO@TH B TE*M Organirarion. PHI L I  I ?RE$ 1 CoRt' 

Address I616 ~ ~ A L A ~ T  + T ~ ~ - f  City P I4 ILAELPUIA scacc&zip' 1 9 1°5 - 1r4b Phone: Day (214) qG Evening ?4[n - 1 l hb 
Dare of survey 1 ! 7  17% .-Time expended (3 He5 ! 3 P e E A W H  

Present name of building 5 7 k k13 6? I l i a  PA L c bl u FL 
OriginaCnamc-~Lbuilding 4 T. MA P-IC ' 5  . EP I+LDF~-L---G~~U- -- 

Function or rype (if religious, include denaminadon) Ef'l5CoP~ L 

Address \bZbj LuCd 5-f 4TPEET 
Ci cy ~ ' ~ I L A O ~ L ? / - / I A  starc,& Zip. 1 9 lD5 ~ o u n c y  ? H 1 LA 
Conracrperronandrirle  AIL bGHb4~l.l ,, ADMIJ, ,45515Tn ~ h o n e [ ~ l r ) ) 5 5 5 '  I Z l S  

Archieecc JoR 4 N o T f l ~ d  Year of consrrucrion I A 46; 1 0.44 
Alteration year. 14 00 Architect COPE & ~ T E N A F ~ ~ Q ~  
Number of figural windows Number of ornamental windows * 
(Include scenic or absrract) (Standard caralogue patterns routinely reproduced) 

Complete the building plan using the following key. If other abbreviations are needed, please indicate them on 
the key. A North direcriona! arrow should be placed in the circle provided. 

B = Baptistry F =Facade N = Narthex SK = Skylight 
CH = Chapel H =Hall R = Right ST =Stair 
D =Dome L = Left S = Sacrisry T =Tower 



The Census 
Windows in 

of Stained 
America 

Glass 

ConcacdResearcher Organization 

Address . City State-Zip 

Phone: Day Evening 

Dare of survey Time expended 

. - - 
Present name ofbiGiIding - 
Original name of building 
Function or type (if religious, include denomination) 

Ciry Scare- Zip County 

Contact person and title Phone 

Year of construction Architect 

Alcera~ion year Architect 

Number of figural windows Number of ornamental windows 
(Indude scenic or abstract) (Standard catalogue panerns routinely reproduced) 

Complete the building plan using the foIlowing key. If other abbreviarions are needed, pIease indicate them on  
the key. A North directionaI arrow should be piaced in the circle provided. 

3 = Baprisrry F =Facade N = Narthex SK =Skylight 
CH = Chapel H = Hall R = Right ST =Stair 
D =Dome L = Left S = Sacristy T =Tower 

Window summary report 



The Cerzsus of Stained Glass 
Windows in America 

Two numbering systems are suggested bur both 
require that numbering begin ar the focal point of the 
space (altar, ark, podium, judge's bench, etc.) All 
windows are numbered whether or nor they contain 
stained glass. Ground floor windows are numbered from 0 to 99; next level from 100 to 199 and so on. The 
facade (F) is numbered Iefs to right, while facing the focal point. Windows in ancillary spaces should be n&- 
bered clockwise beginning Ieft of entry. The nvo numbering sysrems are the Symmetrical System and the 
Consecurive System. The symmetrical system is preferred. - 
SymrnetricaI System 1.2~0 

In this full cathedral plan, the center of the apse behind the high altar is 
the focal point. Windows within the same level are numbered left "L" 
and right "R" consecutively. Notice thar: rhe 
sacristy, a separate room, is numbered separately 
preceded by "S" for sacristy. 

0 

FZPO 

Consecurive System 
Example of a building 

'I 4 with two levels of 
windows and a glass 

U 6 
dome in the ceiling. The building is numbered ,, 
consecutively and clockwise from rhe focal 
point behind the podium. The narthex is 
numbered separately and the dome on the 
third level is preceded by "Dm for dome. 

Window Shapes 
Eight general window shapes are presented. You will find a variery of forms. For example, lancer windows (No. 
6 )  may have a single light (6h) or multiple lighrs (6B). Two forms may be combined, such as Nos. I and 3. 
Select rhe shape(s) that corresponds most closely to the window under study and enter the number on the line 
+signaced "Window Shape." 









The Ceasus of Stained Glass 
Windows in America 

" 
Location and Number on plan R5 Local organization ?HILA I CliVil PPE$, CO%T* 

Dimcnrions:' KI. MI-in MD dfl u i n  
~o f'?lcbD E i  ? d l b Survey dare 1,/7! 2 

Shape 6 Number of lighs -2- P b r o  docurncntation ayer m n o  
Artist or studio Lhv6z5 : @wqD % L9vE Date I B ? B   documented or Conjectured 
Signacurc LWCW!~AR~A~Q,/£L! \*C)TLLPL I WCIOOI] I ti178 Tracery @;es [3no 

subjeer. WIqC N O  ~ p o t ~ + U  Vl+ll.J4 
Inwriprionl TO T H E  yL aFY OF ~ o U  /AND IkJ T H  6 ~d1t.q MEHUFZY' 

205EQtt l~E E N  PEbT M M G H  I s 7 0  

Type of glass and ccchniquc (Check as many as apply.) 
/ 

OpaIcscent Flashed glass a Lead came 0 Enamels 
a Anciquc or Cathedral . Drapery 1111 Copper-foil Acid etching or sandblasring 

Slab (dalle de Vcrrc) Machine cexmred a Vitreous paint C] *Other 
a Placing Jewels or cast glass Silver scain 

Brief description of subject (and Coar of h s  if applicable) L5FT LAQGE7 : L E F T  ; A 5ET OF 
J T E F ~  LEAD9 'TMPodL?# hd o?EN .uoo(Z, U?WAGD~,  AND FA++ OF 
G O L D ~ U  ~\&I-t7 W V I A T F  OUTWAAD. F ~ I E  WOMRM' HDLP Bvt~d~rz l ( r  
0 LAMP$., odE w o w r J  Loolc-5 T o W A F V ~  $lGHT LAMGET. 

I @ L d A c  7': FI 1 L 'L  LAMP$. W U W E ~  

E CRESED I t 4  - 6 E f  E MGPb(P€&Ep +OLD, W 17 Y & LoAKS OF ~ ~ ~ w l # o r J  , 
DL u i  4~-%4 fir@ PEEP GOLD , W E  S U G R O ~ ~ ~ P I *  FFIMG 15 CZW.PW@J WI PLAN FOVILI, 

I ' 

Donor ~ d k a o d h ) '  Memorial to a+ F,PA1dE ? 
Condirion: M a r r i x L  ~ e f l e c r i o n l  ~1assQ pain& ~ i r r l  Previous repair= fl=&celIenl, l ~ ~ o o d , t = ~ a i r , 3 = ~ o o b  
Frame: W o o d m  Scone Metal@ 
Evcerior proreccion: Lcadcd glass panels laminated or tempered glass @ Wire 0 Acrylic or polycarbonares 0 - 
Vented? D y e s  @no Restoration 0 T -\! 1 D E M4\7 Dare - 

'Uimemi~os may t e  ic~raxim2I.!. 
me inlarnrlios on lhik btm is Iimiled Ig educ31;on.-land sciefililic pvrpores. Any orhtr use mrf~?u]fiacfion lola//y iod!pendmlaI lhr CSW andcompirlely dirarsocialedlrorn b purposes. 
Th! CSGA and the dbw named organizaricn assume no /i;iWily lor 1k inlumalion nrnuined hmh 2nd do no1 rrpresenr lhaf raidinlormalion is watranled lo be cvrrtY andcmplelr 



The Census of Stained 
Windows iq America 

Glass 

Sweyor  
Building 
Location and Number on plan Local organization 
Dimensions:' KT LUfi UJin WD uwfn Ciy.  Survey date 
Shape Number of Iighcs Photo documentarion Dyes a110 
A c c i s t  or studio Dare- Documented or a Conjectured 
Signature . Tracery Dyes n n o  
Subjecc 
Inscriptions . 

Type of glass and technique (Check as many as apply.) 
Opalescent Flashed glass Leadcamc 

[7 Antique or Carhedral 0 Drapery Copper-foil 
0 Slab (dalle de Verrc) Machine textured Vitreous paint 

Plating Jewels or casr glass Silver stain 

Enamels 
0 Acid etching or sandblasting 
0 Other 

Brief description of subject (and Coat of Arms if applicable) . 

Donor Memorial to 
Condition: M a t r i x  D e f l e c c i o n  G l a s s  P a i n t  D-m- Previous repair- (O= Er~et l~t ,  I = Good, 2=Fair.3= Poor) 
Frame: W o o d o  Stone @ Metal 
Exterior prortction: Leaded glass panels 0 Laminated or tempered glass a Wic [Z1 Acrylic or polycarbonares [j 
Vented! 0 yes O n o  Renoration Dare 

Ihe inlcmalicfl on thu :om iz Iimil~U lo e d ~ ~ l i a n a l d  1 c o s  Any other use ccnrlitules action lotally hdepndenl oIfie CS01 and- 
The CSGA and Ihe abon named orpanirnlian assume no IiabilirJ for he inlormalion nnlainrd herein and do nolreprestnl Utal said inlonnalion is ~raNmkU I0 t e  mrrecl andcomplek 



In assessing the condition of stained glass windows for a CSGA survey 
follow these guidelines and use the rating system 0-3, "UNK" if any 
portion is unknown, or "NA" if not applicable (especially For.windows 
without paint). 

Matrix: The matrix is the srructure or material that direccIy holds and 
supports the glass. This can be one of, or a combination of, the following: 
lead came; zinc or brass came; copper-foil; epoxy or concrere; Babbit 

eta1 (Betcher-type windows). It also includes ehe tie wires, support bars 
.,ld saddle bars. Inspect the matrix to determine the following: Is rhe 
matrix cracking? Is ir corroding (evinced by white powder on surface of 
lead, zinc or copper-foil)? Is the macrix separating from the glass (are 
there light leaks between the glass edge and t he  matrix)? Are che support 
bars properly artachcd? 

Use the scale: 
0 = Excellent condition - No damage 
1 = Good condition - Less than 1% of matrix affected 
2 = Fair condition - 1% to 5% affecced 
3 = Poor condition - More than 5% affected 

Deflection: Deflection is the bowing or bulging of rhe window away from 
its original design plane. Ic may be difficult to discern defleaion 01 
cleresrory windows from the Roor of the building. A good technique is co 
stand against the wall directly under the window and look up. Another 
technique is ro smdy the Iines of the design. The window is deflected if 
there are lines thar appear c w e d  that obviously shodd he straight. 

Use the scale: 
0 = Excellent condicion -No deflection 
1 = Good condition -Less than one inch of deflection 
2 = Fair condition - One or two inches of deflecrion 
3 = Poor condition - Greater than two inches of deflection 



Glass: The individual pieces of glass held in the matrix. Inspect the glass 
for cracked pieces, missing pieces andlor unstable glass (evinced by -. ... 
internal fracturing or crazing). 

Use the scale: 
0 = Excellent condition - No damage 
1 = Good condition - Less than 1 % of glass affected 
2 = Fair condician - 1% EO 5% affected 
3 = Poor condition -  more than 5% affecced 

Paint: The applied surface decoration, excepting silver stain. This may 
consisc of fired opaque or transparent vitreous paint (grisaille or enamel) 
or ;&red paint i.e. oil or varnish. Inspect rhe painc for flaking, peeling 
and/or "faded" trace lines o r  non-existent rnatces. (Glass painc cannot 
fade. What appears to be fading is the granular loss of paint.) 

Use the scalz 
0 = Excellene condition -No damage 
1 = Good condition -Less rhan 1% of glass affected 
2 = Fair condirion - 1% to 5% affecred 
3 = Poor condition - 5% or more affected 
Indicate not applicable, "NA" on unpainted windows 

Din: Dirt collects on borh surfaces of che gIass and in beween rhe plates 
on a plated window. The dirt deuaca from the appearance of the 
window and creates an environment that encourages deteriocarion of the 
glass and matrix. 

Use the scale: 
0 = Excellent condition - CIean 
I = Good condidon - Less than 1% of glass affecred 
2 = Fair condition- 1% to 5% affected . 

3 = Poar condition - 5% or more affecred 

Previous repair: Poor previous repaia can be divided into rwo categories: 
reversible and irreversible. Inspect the window for prior reversible repairs 
such as: lead flanges or dutchmen; application of additional support bars; 
recementing in place; and surface application of silicone. Inspect the 
window for irreversible repairs such as: new painted pieces; replacement 
of original glass; installacion of aluminum frames or ventilators (which 
may obscure original design or signamres); or releading. 

0 = ExceIlent - No previous repairs are evident 
1 = Good - Reversible repairs, less than 1% of glass affected 
2 = Fair - Reversible repairs, less than 5% of glass affected 
3 = Poor - Any irreversible repairs 

A window raring for The CSGA window data form is only a general 
indication of the condition of the window and is nor meant to be a repor: 
for rescoracion guidelines. However, building owners may ask quesrions 
about methods of repair, and i t  is helpful to provide them with a copy of 
Corrservation oird Restorutiorz of Stailled Glass: An Owner's Guide, or 
information on how chis booklet can be obtained. (See p. 60.) 



DESCRIBING COLORED GLASS 

There are 10 examples of early American glass. Describe each color 
first using ordinary visual assessment, then using the MunselL Book 
of Color (Glossy). We can cheek amongst ourselves to see how 
consistent each type of assessment is from person to person. 
Notice how much each assessment changes when you change lighting 
conditions ( e . g . ,  daylight near window, fluorescent light). 

specimen # Visual description Munsell 

example Deep reddish-brown (cranberry) 7.5R 3/12 



lhb Munsell Book of Color Infro 
Pagc 

The Munsell Color-Order System . , .  

The Munsell color-order system is a way of precisely specifying colors and showing the relationships among colors. Every 
color has three qualities or attributes: hue, value and chroma. Professor A.H. Munsell establisJed numerical scales with 
visually unlform steps for each of these attributes. h e  Muniell Book of Colordjsplays a colleciion of colored chips 
arranged according to these scales. Each chip is Identified numerically using these scales. The color of any surface can 
be ldentlfied by comparing it to the chips. under proper illumination and viewlng conditions. The color Is then identified 
by its hue, value and chroma. These attributes are given the symbolti H, V. and C and are written in the form H V/C. whic 
Is called the *Munsell notation.' 

Hue 
Hue is that ai-trlbute of a color by which we distinguish red from green. blue'from yellow, etc. There Is a natural order of 
hues: red, yellow, green, blue, purple. One can mix paints of adjacent colors In this series and obtain a continuous varia- 
tion from one to the other. For example. red and yellow may be mixed In any proportion to obtain all the hues from red 
through orange to yellow. The same may be said of yellow and green, green and blue. blue and purple, and purple an 
red. Thls serles returns to the starting point, so it can be arranged around a circle. Munsell called red, yellow, green, blue 
and purple 'principal hues" and placed them at equal intervals around a circle. He inserted flve intermediate hues: 
yellow-red, green-yellow, bluegreen, purple-blue and red-purple, mawng ten hues in all. For simplicity, he used the initic 
as symbols to designate the ten hue sectors: R, YR, Y, GY, G, BG, 8,  PB, P and RP. The hue circle is illustrated on-the chat-l 
labeled Munsell's Three Attrlbvfes of Color, found in the back pocket of this binder. 

Munseii arbiirarily divided the hue circle into 100 steps, of equal vlsual change In 
hue, with the zero point at the beginning of the red sector, as shown in ngure 1. 

25 
Hue may be identified by the number from 0 to 100. as shown in the outer circle. 
Thls may be useful for statistical records, cataloging and computer programming. m- 
However, the meaning is more obvlous If the hue is identified by the hue sector 
and the step. on a scale of ten, within that sector. For example. the hue In the 35 

middle of the red sector is called .-five red," and is written '5R.' (The zero step is 
not used, so there is a 10R hue, bcrt no 0 YR.) Thls method of identifying hue Is 
shown on the inner clrde. 

Rgure 1: Munsell Hue Designations 
The Primary Hue Circle 
In 1993. Cal McCamy proposed a series of hue names for the hue circle. using the additive primaries - red, green and 
blue; the subtractive primaries - yellow, magenta and cyan; and four Intermediate hues. The names are applied to the 
same set of hue sectors as the Munsell hues. k is proposal corrects a well-known displacement of blue on the Munsell hl 
circle, and it accommodates the thinWng of the large number of people who work with color photography, color print- 
ing. color television, color copying and color computer monitors - technologies based on the addrive and subtractiie 
primaries. The correspondence between the Munsell 
hue circle and the primary hue circle Is given in 
Table 1. Blue Is ihe only instance where the same 
name has a different meaning (resulting from the 
deliberate use of that name for a different sector). 
In this case, the new word and symbol are distin- 
guished from the old, when necessary, by +he 
prime mark (Blue' and 0'). 

The addltlon of this set of hue names does not involve 
any changes whatsoever to the colors in The Munsell 
Book of Color or any Munsell color standards. It is 
merely an alternate way of designating the same 
hues, for use In those fields In which It Is found useful. 

Table I :  Correspondence Between the Munsell Hue 
Circle and the Primary Hue Circle 

Munsell Hue Circle Primary Hue Circle 
!A& 55JmLLQi Hue Svmt 
Red R Red R 
Yellow-Red YR Yellow-Red Y R 
Yellow Y Yellow Y 

I Green-Yellow GY Green-Yellow GY 
, Green G Green G 
1 Blue-Green BG Cyan C 
Blue B Blue-Cyan BC 
Purple-Blue PB Blue' P' 
Purple P Magenta-Blue 
Red-Purple RP Magenta fv~ 



The Munsell Book of Color Introc 

alue 
Value lndlcates the lightness of o color. The scale of value ranges from 0 for pure black to 10 for pure whlte. Black, 
whlte and the grays between them are called *neutral cdlors." k e y  have no hue. CoIorvthat have a hue are called 
'chromaiic colors.' k e  value scale applies to chromatlc as well as neutral colors. The value scale Is illustrated for a sefie! 

, of neutral colors on the chart labeled Munsell's Three Attn'butes of Color. found in the back pocket of thls binder. 

Chroma 
1 Chroma is the degree of departure of a color from the neutral co1or of the same value. Colors of low chroma are some- 
1 times caIled *weak," while those of high chroma are sa1d to be 'highly saturated,' "strong," or "vivld." Imagine rn'oting a 

vivid red paint, a little at a time, with a gray paint of ihe same value. If you started with gray and gradually added red 
until the vivld red color was obtained, the series of gradually changing coiors would exhlblt lncreaslng chroma. The 
scaling of chroma Is intended to be visually uniform and is very nearly so. The units are arbitrary. The scale starts at zero, 
for neutral colors, but there is no arbitrary end to the scale. As new pigments have become available, Munsell color chip 
of higher chroma have been made for many hues and vatues. The chroma scale for normal reflecting materials extends 
beyond 20 In some cases. Fluorescent materials may have chromas as high as 30. A scale of chroma is illustrated on the 
chart labeled Munsell's Three Attributes of Color, found in the back pocket of this binder. 

Munsell Notafion 
The complete Munsell notation for o chromatlc color is written symbollcalJy: H V/C: For a vivid red having a hue of 5R. a 
value of 6 and a chroma of 14, the complete notation Is 5R 6/14. When a finer divlsion is needed for any of the attributes 
decimals are used. For example, 5.3R 6.1/14.4. When the hues of the primary hue circle are used, the notaton is written ir 
the same way, for example 28' 5/4. 

I 
3 notation for a neutral color Is written: N V/. (The chroma of a neutral color is zero, but It is customary to omit the zero i 

tne notaflon.) The notation N 1/ denotes a black, a very dark neutral, whjle N 91 denotes a white, a very light neutral. The 
notation for a middle gray k N 5/. .. . . 

I 

Munsell Color Space 
Munsell hue, value and chroma can be varied Independently so all colors can be arranged according to the three 
attributes in a three-dimenslonal space. The neutral colors are placed along a vertlcal line, called the "neutral axis' with 
black at the bottom, whRe at the top and all grays In between. The dlfferent hues are display 
at various angles around the neutral 0x1s. The chroma scale is perpendicular to the axis, 
increasing outward. This three-dimensional arrangement of colors is called the 'Munsell 
color space." The relationship of the three scales In ihree-dfmensional space is illustrai- 
ed on the chart labeled Munsell Color Space. whlch can be found In the back 
pocket of this binder. 

Munsell Color Solid 
All colors lie within a specific region of Munsell color space called ihe 'Munsell 
color solid.' Hue Is limited to one turn around the circle. The scale of value Is 
limited on the lower end by pure black. which is as dark as a color can be, 
and on the top by pure whlte, which Is as light as a color can be. For a given 
value, there Is a limit to the chroma that is possible, even with theoretically 
Ideal colorlng agents. Real coloring agents, with less than ideal characteristics. 
Impose further limitations on physical representations of the color solid. The Munsell 
color-order system itself Is applicable to all possible colors. The highest chroma yellow 

7lors have rather high values, whlle the highest chroma blue colors have lower 
,lues. Thus the Munsell color solid has the irregular shape shown in Figure 2. 

ngure-'2: Munsell Color Solid 



The Munsell Book of Color 

The MunselP Book of color, Glossy Collection C. 

The Glossy Collectlon of The Munsell Book of Color displays nearly 1600 color chips,zrranged according to 
the Munsell color-order system. Each page represents one hue. and there are.40 pages, 2.5 hue steps apart. 
in two volumes. The chips may be removed from the page to facllltate color comparison. On each page, the 
chips are arranged by Munsell value and chroma. Value Increases from the bottom of the page to the top in 
increments of 1,  while chroma increases outward from left to right in increments of 2. The Munsell hue Is printed 
at the top of each page. The value steps are printed on a vertical scale on the left side of the page, and the 
chroma steps are printed along the horizontal scale at the bottom of the page. The standard way to write the 
descrlptlon of a color usfng Munsell notations is to write the alpha-numeric designation for the Munseil hue (H) 
and the numeric designations for value (V), and chroma '(C) in the form of H V/C. 

For low-chroma colors, those that are nearly neutral (gray), small differences in chroma are readily apparent, 
while hue differences are less apparent. For this reason, colors with a chroma of 1 have been created for 
only 20 hues in the collection. These I-chroma colors can be found at the back of each volume on the pages 
labeled Munsell Grays. 

At htgh chromas, hue differences between adjacent hues In the book appear larger. Therefore it Is desirable 
to have colors between those steps. Wherever achievable, colors have been produced for the hues midway 
between the 40 hue pages, for chromas of 72 and hig'her. These 78 supplementary colors can be found at the 
back of each volume on the pages labeled Munsell Supplementary Colors. 

The gamut of colors in the Glossy Collectlon is limited by the physical properties of the materials used to make 
the chips. These limits encompass the colors of almost all natural and man-made materials. The.darkest colors 
have a value of 2, and the lightest have a value of 9. High-chroma yellows are lighter than high-chroma 
colors of other hues, so for these colors, a special series of colors of value 8.5 is displayed. 

A closely spaced scale of value called the Munsell Neutral Value Scale is dispiayed by a special series of 
neutral colors (black, white and grays). It has 37 colors ranging from a Munsell value of 0.5 (black) to a 
value of 9.5 (white), In steps of 0.25. The Munsell Neutral Value Scale is found in the bock pocket of Volume 1 
of this collection. 



Glass and Stained Glass Conservation Workshop 

GLASS AND STAINED GLASS WORKSHOP 
Loss compensation on Three-Dimensional Glass 

Deborah Long, July, 1998 

I. Object Preparation 

A. Rep& where possible, make all sbxctural repairs to the 
object prior to loss compensation. 

B. Cleaning: clean the glass with acetone, including edges of the 
loss area. It's a good idea to clean the whole surface to 
minimize the potential for later problems. Be sure to remove 
sway bits of cured epoxy and every bit of tape residue. 

C. Note: these materials and techniques are only suitable for use 
on chemically stable glass . Repairs to deteriorated, weathered, 
or unstable glass should only be carried out by or under the 
supervision of experienced conservators. 

11. Mold Making Materials 

A. Silicone Rubbers: manufactured by several companies; 
examples below represent personal preferences and are 
chemically compatible with each other. 

1. Dow Corning RTV 3 1108: tin cure system (see product 
literature in notebook); two different catalysts: twenty- 
four hours, and four minutes. Very low shrinkage, 
moderate tear strength, accommodates moderate 
undercuts, excellent detail reproduction. 

2. Dow Corning HSIIO: tin cure system (see product 
literature in notebook); several catalysts useful for a 
variety of applications. Very flexible, high tear strength, 
almost no shrinkage, accommodates deep undercuts, 
excellent detail reproduction. This system includes a 
Wotropic additive, allowing molds to be made on 
vertical surfaces. 
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B. Wax: sheet type dental waxes come in several levels of 
hardness and .many brands; useful for simple shapes only; care 
is required in use because .molds are easily deformed by 
handling. 

C. Tape: heavy polyester carrier, with acrylic adhesive; can be 
used on small flat sections of glass or along jagged break edges 
with losses; used primarily as a backing. 

I I I. Fil l  Materials: 

A. Epoxies: two part systems (see product literature in notebook) 
examples: Hxtal NYLB, Epotek 301-20, Epotek 301@. 

I. advantages: low viscosities, low shrinkage; long cure 
time allows release of trapped air; good level of 
transparency; very hard; strong bond to glass. 

2. disadvantages: cure time at room temperature for Hxtal 
NYL is more than a week; limited long term stability: . 

Hxtal 5-20 years, Epoteks 5-15 years; stability very 
dependent on careful measuring of resin and catalyst; 
sometimes unpredictable results when colored; .limited 
number of epoxies available that meet the requirements 
of conservators; limited matches to index of refraction 
range of glass. 

B. Polyester Resins: two part systems; examples: CastoliteB, 
AkerniB brands 

I. advantages: short cure time (usually less than , an  hour), 
easily colored 

2. disadvantages: exothermic cure; shrink during cure, poor 
long-term stability, discoloring within one to two years 
(and somet-imes less). 

C. Colorants: 

1. dyes: OrosolO dyes from Ciba Specialty Chemicals can be 
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ground with previously mixed resin and catalyst; produce 
transpai-ent colors; however, dyes fade in a relatively 
short amount of time; they are somewhat unstable when 
mixed with epoxy Csorne.times they look great when 
poured in the mold, but change colors as the resin cures). 

2. pigments: dry pigments can be ground with previously 
mixed resin and catalyst. Pigments have a tendency to 
sertle out during cure, leading to,uneven d i s~bu t ion  of 
color; particles must be very fmdy ground to avoid a 
"grainy" appearance; Ciba Specialty Chemicals produces a 
line of encapsulated micro particle pigments called 
Microlith WA@ series. The particles are dispersed in an 
acrylic vehicle generally compatible with epoxy sys terns. 

IV. Mold Making Procedures: 

A. Choose the correct location: wherever possible choose another 
part of the object with the same profile and conformation. It is 
also imponant to make a mold big enough to have some 
"keying points" if possible. 

B. Provide a release agent: apply a very thin coat of 
microcrystalline paste wax to the area to be molded. Using a 
soft cotton cloth, b e  the wax immediately and thoroughly. 
Any waxy streaks left on the surface will be dupLicated in the 
mold. 

C. Choose the correct mold making material: 

1. If the shape of the area to be molded is a relatively small 
and simple one, mix some fumed silica or glass micro- 
balloons (wearing a dust mask) with the 3 1 10 RTV 
silicone rubber to thicken it. Add the number 4 catalyst: 
at the recommended rate of 100:l by weight and mix 
thoroughly but quickly. This catalyst causes the resin to 
set in approximately four minutes, so work fas'c! Apply 
the resin to the area to be reproduced and allow it to 
cure. 
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2. If the shape is more complicated, mix the HSII with one 
of it's several catalysts at the appropriate ratio. Paint a 
thin layer over the area to be molded. Then add 3-5% by 
weight of thixotropic additive, mix, and apply over the 
thin layer. Allow it to cure 

3. IE the shape is very simple, warm a sheet of wax slightly 
with a heat gun and press it to the glass. Apply more 
heat and finger pressure as needed, to bring the wax 
sheet into conformity with the shape of the object. Allow 
the wax to cool completely. 

V. Casting Procedures 

A. Prepare the mold for casting: after the appropriate amount of 
cure time has elapsed, carefully remove the mold from the 
glass. Remove the wax release agent from the glass. Trim the 
mold to a manageable size and test fit it to the loss. Choose a 
good orientation for the object and mark the high point on the 
mold. Cut a smaU hole at this point and, depending on the size 
of the loss, insert hvo tubes just shy of the inner surface of the 
mold. Seat them to the mold with a smalI amount of silicone 
rubber. For wax molds, you can sometimes use two sheets of 
wax and leave the top open for filling. 

3. Apply the mold to the loss: place the mold on the loss area, 
keying it to the surrounding areas (where possible). Adhere it 
with more silicone rubber, making sure to press the mold 
f d y  against the glass for a good seal. Wax molds can be 
attached to the glass by running a heated spamla along the 
edge of the mold to melt it in place. 

C. Fill the mold: measure and mix the resin carefully, avoiding 
the introduction of air bubbles; and add colorants if necessary. 
Fill the mold with a glass pipette or syringe slowly, allowing 
the resin to flow into the mold and push air ahead of it. Fill 
util the resin reaches the tops of the tubes, providing a 
reservoir to fill any unseen voids. Allow the resin to cure. 
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VI. Finishing Procedures 

A. Remove the mold: peel the mold from the object. You should 
be looking at a beautiful fill, perfect in color, clear, and 
inconspicuous (this seldom happens!). 

B. Clean up the fill: if your fiU is not perfect, a new scalpel blade 
can. be used to carve away excess matwal. Voids will have to 
be filled with more resin. 

C. Polish: carved areas need to be rubbed down with successively 
finer grades of abrasive cloth, such as Micromesh@. To avoid 
damage to the surrounding glass, isolate it with rape or B-72. 
After working through all the grades, there will still be a fine 
haze. This might be acceptable, depending on the appearance 
of the object. 

D. Apply a top coat: if the surface must be clear, apply a thin 
layer of B-72 or fresh epoxy to a thoroughly cleaned surface: 
It is also possible to polish the f-ill with a felt or muslin buff on 
a flex shaft handpiece or by hand with proprietary polishing 
compounds, although epoxy N l s  are easily melted by the high 
speeds of buffing equipment. 
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Glass and Stained Glass Conservation Workshop 

THE IN-DEX OF REFRACTION 
,AND 

THE REPAIR AND ~?KLING OF GLASS 

The index of refraction for a piece of glass is a measure of the amount that a light 
wave is bent upon passing from the air or another medium (a liquid, or a solid) 
into the piece of glass. In the case of glass repair, it can be used as a measure of 
the amount a light wave is bent when it passes from the original glass into the 
repair glue Line and then back into the adjacent glass. 

The Index of Refraction (n) is.a pure number that is the ratio of the velocity of 
light in a vacuum (v) to its velocity in the medium in question (V). 

, 

When light passes from a medium of one n into a medium with a higher n, it will 
be bent toward a h e  drawn perpendicular to the surface at the point of entry. 

I 
When light passes from a medium of one n into a medium with a lower n, it will 
be bent away from a line drawn perpendicular to the surface at the point of 
entry. 

Therefore, when a colorless substance is placed in a medium that has the same n, 
the substance will appear invisible. Early methods to measure the index of 
refraction for a crystal (or, in our case, a chip of glass) involved hmersing the 
sample in liquids if differing n until the sample became invisible. Mineral 
fragments and glass fragments are usually thicker in the center than around the 
edges. This variation In thickness allows the particles to act as crude lenses, 
conver,ging or dispersing light that passes through the particle. If the 
surrounding Liquid is of a lower n, the particle will act as a converging lens, 



concentrating light within the-particle. If the surrounding liquid is of a higher n, 
the particle will act as a diverging lens and light will diverge from the particle. 

If the difference between the two n is sligh;, the converging or diverging light 
rays will appear as a thin bright line near the interface of the two materials called 
the Becke line. As t h e  microscope tube is raised, or as t h e  stage is lowered, t h e  
Becke line will move toward t h e  medium of higher index of refraction. Use of 
the Becke line allows one to use a series of liquids of known index of refraction to 
accusately and quickly estimate the index of refraction of a glass chip or mineral 
sample. 

FIGURE 3-2. The Becke line. (A) When the 
refractive index or tlie i ngrnent  is greater fbwr 
that of the immersion medium, the Becke line 
wit1 move inlo tile grain as the microscope rube 
is raised (or es the stege is lowered). (B) When 
the rerractive index of the hgrnent is lesr timl 
thnt or the im~neaion medium. the Becke line 
will move into the irnmersiotl oil as Ule tube is 
raised (or slage lowered). 

Material for this handout is primarily paraphrased horn &e following text: 
Phillips, W. R 1971, ~trineral Optics: Primiples and Tzchniqzles. San Francisco: W. H. Freeman and 
Company. 
Sketches are by J. Redly. 
Prepared for h e  Conservation and Restoration of Glass and Stained Glass Workshop, Ford 
Cent-, July, 1998. 
Refractive I n d ~ x  Liquids used: 
Carrille C.&:fierl Reiractive Inci~x Liquids, Series RF, Cat 18005, Sek RF 1/5. 
G m l d  R Ford Ctmscrvstion Center 7/98 



Glass and Stained Glass Conservation Workshop 

SOME RESINS USED IN CERAMIC AND GLASS REPAIR 

SET-TIME 
7days at 77" F 
Pol life - 2 hrs 
2 days @ 95" F 

8 days at room temp 
48 hours above 75°F 
POL life - 8 hours 

No longer available 
36 hours a1 68'-77°F 
Pol life - 3 hours 

12 hours @ room 
temp 
I hour nt 65" C 
Pol life - 45 min 

48 hours @ room 
temp 
I - 5 hrs @ flOOO 
Pol life 8 hrs 

APPEARANCE 
clear, "non-yellowing" 

clcnrer lhnn hxlal nyl 
clear 

clear - slighlly yelIow 

clear - slightly yellow 

clcar 

CLASS 
EPOXIES 

- - 

VISCOSITY 
Low 

Iow 
2000 cps 

Iow 
700- 1 100 cps 

low 
I00 cps 

300-600 cps 

R I 
1.520 

1.564 

1.574 - 
1.578 

1.538- 
1.540 

1.564 

NAMEYADDRESS 
HXTAL NYL- I 
Conservator's Emporium 
I00 Standing Rock Circle 
Reno, NV 895 1 1 

Hxtai Crystal Plus 
Ablebond 342-1 
Able Slik Laboratories 
833 W 182" Street 
Gardenia, CA 90248 
Araldite AY 103 (HY 95 I) 
CibdGcigy Plastics & 
Addilives Co. 
Plnslic Division 
Duxford, Cambridge 
C82 40A UK 

Epotek 301 
Epoxy Technology Inc. 
65 Grove Slreet 
Warerlown, MA 02172 

Epotek 30 1-2 

NOTES 
use a lamp to spccd 
selling - or hcul lo 
I00 F - low 
shrinkage 
Mixing Rntian: A:B 
= 3: 1 by wcighl 
Yellows over linie 
May bc hard lo find 
warm if crysfallizcs - 
heal slightly bcrorc 
applying No longer 
nvailnblc 
yellows -'no Ir~ngcr 
availnblc 

yellows o n  aging; 
surrncc somct irncs 
rcrnnins slightly 
tacky when pulled 
from mold 

-- 

Tg 

48"c 

65% 



SOME RESINS USED IN CERAMIC AND GLASS REPAIR 

.NOTES 

turns white on settling - 
yellows - acetone is 
solvent 

acetone is solvcnr- 
yellows 
(also see Loctitc Super 
Glue) 
very strong - yellows - 
slightly purple on 
setting 

exoiherrnic - batches 
should no1 exceed 30g - 
green on setting 

allow lo gel @ room 
temp 

CLASS 

CY ANOACRY LATES 

POLYESTER RESINS 

NAMEIADDRESS 

Eastman 9 1 0 
Eastman Chemical Prod. Inc. 
Chemical Division 
Kingport, TN 37662 
Aron Alpha 
Toagosci Chemical Co. Ltd. 
Tokyo Jopan 
(Conservalion Materinls) 
Akemi 
Wood & Stone, Inc. 
5920 Old Saw Mill Road 
Fairfax, VA 22030 

Tcchnovit 4000 
Rupcrl & Co., Ltd. 
Dcnnings, Road 
Chcodle. Chcshire 

Tiranri Clenr Embedding 
Resin 

A. Tirnnali Ltd. 
2 1 Gaodge Place 
London W I 
Cast(11i~c Rcsin 
B uolllcr 
4 1 Waukcgan Road 
Lnkc BluTf, IL 60044 

RI  

1.450 

1.549- 
1.565 

1.549- 
1.565 

1.55 

APPEARANCE 

clear 

clear 

available in buff, 
white 
& transparen1 flowing, 
buff knife grade, trans. 
Knifegrade, limestone 
super (buff) 
trimsparcnt - slight 
green lint 

transparent 

Tg SET-TIME . 

20-30 sec 

20-60 scc 
maximum strength 
alier 12 hours 

15-20 min @ room 
lemp 

10-15 rnin @72" F 
working lime 5 - 7 
rnin 

6-8 hrs 
Pol liTc - 45 min 

VISCOSI 
TY 
very low 
60- 100 cps 

varies 
wltype 

320-340 
cps 
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SOME RESINS USED IN CERAMIC AND GLASS REPAIR 
- - 

VISCOSI 
TY 
varies 
with grade 

CLASS 

ACRYLIC 
MONOMERS 

NOTES 

see product litcrnture 

very hard and glassy - 
good adhesion to glass 
- exothermic - dries 
cloudy 

R1 

1.455- 
1.470 

1.495 

NAMElADDRESS 

Elvoce Scries (DuPont) 
TALAS 
2 13 Wcst 35" Street 
New York, NY 10001- 1996 

1874, others 
Technovit 4004-A 
Rupert & Co., L L ~ .  
Dennings Road 
Cheadle, Cheshire 

Tg 

varies 
with 
grade 

APPEARANCE 

white in cmulsion - 
clear on drying 

clear 

SET-TIME ' 

varies with grade 

9 minutes 
Pot life - 3-5 minutes 







Glass and Stained Glass Conservation Workshop 

DIVISION OF CONSERVATION 

OBJECT CONSERVATION REPORT 

Object No.: 
Object: Glass Chandelier 
Provenance: United Kingdom 
Date: 1730-1740 
Examined By: Deborah Long 
Examination Date: 7/14/93 

DESCRIPTION: 

The o b j e c t  is  a large colorless lead glass chandelier 127 cn 
in height, with twelve branches ( o r  arms) in a single tier. 
Components are listed below from top to bottom. The shaft (or 
stem) of the chandelier holds ten clear glass faceted elements, of 
which'six are above the level of the arms and three a r e  below, 
t e n i n a t i n g  in a soZid c x t  g lass  double acarn shaped element. 
Sterting from the top the s ~ x  upper elements fall into the 
following order: a small baluster-shaped element, a smzlS 
flattened globe, 2 small globe, a medium sized inverted vase shaped 
element, a large globe, a medium sizod flattened globe; all faceted 
excepting the uppermost element. 

The console or receiver consists of two parts: a facetec! 
henispherical glass bowl shzped element and a copper alloy socket 
plate. The g l z s s  component hzs been s i l v e r  gilt on the interior 
50th to add brilliance an6 to obscure the ends of the branches from 
view. Together these two pares hold  the  branches in place by 
friction and counterweight. The twelve smooth ram& s-czrvec! 
c a ~ d l e  arns hold separate annular ribbed d r i p  pans on s:nall 
shou lde r s  of glass  attachsd to the bottom of each candle cup. At 
the other end of each branch is a copper alloy socket h e l d  in place 
with plaster. 
Below t he  conso le ,  the four renzin ing  elenents are as EolLows: a 
faceted urn-shaped element, an unfecetec! a n ~ u l a r  ribbed vase shaped 
element, a f a c e t ~ d  vase shaped elernent, an& the solid faceted g l ~ s s  
to-minal element. 

Elistorical Information: 

In the late seventeenkh century, French chandelier nakers 
began to use glass to ~ r o d u c e  "?endeloquesn for brass chandeliers. 
Prior to this time q u w t z  (rock crystal) hzd Seen used f o r  L9ese 
g l i t t e r i n g  elements. Glass used this way caught on q i c k l y  because 
it w a s  less expensive anc! easier  to fashion than quar tz ,  and it 



allowed makers to produce larger elements for their chandeliers. 
By t h e  early eighteenth cen tu ry ,  glass covered chandeliers were 
being offered for sale . in London. The overall style remained 
similar to older brass lig5ts until the middle of the eighteenth 
century. Glass chandeliers similar to 64.1009 were produced in 
England in about 1730-1740 and were fittea with cut glass elements 
which hi6 %he c e n t r a l  metal shafts and supported one or two tiers 
of solid s-curved glass branches. These chandeliers were sometimes 
referred to as nlustresw by some of the makers. Cendle arms at 
this time werz generally smooth and unfaceted. 

Registrarial records indicate that this' is the chandelier 
illustrated in A p ~ l l ~ , ,  volume 26, no.154,. p.216, October 1937; 
which was offered at that time by Messrs. Delomosne & Sans, Ltd. 
and may have hung before that time in Thornham Hall, Sussex, 
England. Th.e small discrepancies in appearance between the 
chandelier in the illustration and the chandelier hanging in the 
Charleston Dining Room at Winterthur were discussed in letters 
between Iohn Sweeney of Winterthur and R.J. Ckrarleston of the 
Victoria and Albert Museum in 1964; and concerned mainly the 
difference i n  arrangement of t h e  elements, and the blown glass 
terminal e t m e n t  then zttached to the bottom of t h e  chandelier. 

CONDITION:  

Overall, the condition of the chandelier is good. It appears 
to be structurally intact and staSle. However, some of the 
individual parts of the chandelier are not stable and are  detailed 
below, div ided by type of elenent. Conditions are noted in order 
of severity of damage, fron greatest to least in each section. 
Examination of the chandelier under ultraviolet light revealed a 
slightly greenish dull yellow fluorescence color emitted from all 
of the g l a s s  elements. The fluorescence color of two cf the drip 
pans was slightly greener  than the rest of the glass, as was t h e  
candle cup of branch number SO=. 

Shaft Elements: The interior surface of the receiver bowl 
has an applied layer of silver. After XXF analysis failed to turn 
up any mercury, it was hypothesized that the bowl wes water-gilded 
with geletin size. The silver layer is coated with a .natural 
resin, which appears yellow to brown, has a definita crackle 
p a t t e r n ,  is extremely brittle, and fluoresces a dull yellow/orange. 
Conversations w i t h  Carol Aiken led to the supposition that the 
coating could be colophony (rosin), a pine resin byproduct 
typically found on reverse paintings on glass, and analytical 
results frcm FTIR spectroscspy confirmed that the closest computsr 
match to =is coating is a modern rosin sample from Fisher 
Scientific.. The spotty deterioration of the silver seems to have 
been caused when ernbr i t t l ement  of the coating (wnich is highly 
crystalline) led co its f a i l u r e  and lass, allowing air to reach  
t h e  unprotected silver. Subsequent corrosion caused complete loss 
of silver in many small spo t s  with rings of corrision surrolmdinq 



glass surfaces. It is possible that the a p p l i c a t i o n  of the hot wax 
to the candle cups during electrification caused some of t he  damage 
to the arms, p e r t i c u l a r l y  the breaks and cracks in and around the 
candle cups. 

Drip Pans:  The worst dainage -is to a s i n g l e  drip pan, which 
had approximately 30% of the rim broken off. This break was 
renai red originally with.staples, and so has staple holes drilled 
i n t o  the rim. Ooposite the break is a crack which appears to run 
completely through the body from the i n n e r  t o  the outer rim. Since 
the break has been repaired., it appears  t o  be r e l a t i v e l y  stable. 

Another pan hzs a large (20%) loss which has been f i l l e d  wi th  
epoxy. T h e  loss is connected to the inner rim with a crack. It 
is stable, but unsightly. 

One of the pans has a large portion of  the inner r i m  missing. 
This loss has been filled with p o l y e s t e r  resin. The repaired area 
appears. to be stable, but has yellowed badly.  

- 

Three  of t h e  pans have small chips and conchoidal losses at 
the inner r i m .  One of the three has a blind crack extending from 
the largest chip, and has been stebilized with epoxy r e s i n ,  which 
h a s  yellowed. 

S i x  pans are in very good condition, having only minor c h i p s  
aroune t h e  i n n e r  r i m ;  although three of these have had holes 
d r i l l e d  i n  thea i r i  t h e  pest t o  accomodzte other 'elernents. 

Overall t h e  chandelier i s  covered w i t h  dust, clirt, and 
fingerprints. 

Conservaticn r eco rds  Indicate t h a t  there have been t~do  r e ~ a i r  
campaigns undertaken by Winterthur conservatcrs .  In 1976 at the 
request of the curator, Arlene Palmer, the chandelier was taken 
spa* and the central s h a f t  elernents were cleaned end rearranged 
by Con Heller. Ee ~ l s o  altered the base of t h e  shag t  and replaced 
the lowest g l a s s  element, although there is no r e c o r e  cf where t h e  
replacement part czme from. Conversations with Con indiczted that 
the original elenent was found in ninth floor storage by Ms. Pzlmer 
and g ivan  to him to put back on t h e  chandelier. 

The d r i p  pan with the old siapled repair was taken apart, the 
staples were discarsed, and the glass was adhered w i t h  "Ren EpoxyM 
by Andrew Lins. Also filled with the same epoxy at that time were 
two losses alonq the inner rims of two of the d r i p  pans. 

The large l o s s  in the o u t e r  r l m  of one of t h e  d r i p  pans w a s  
f i l l e d  w i t h  "Clear CasktT 2olyester resin. In 1988, this large fill 
had yellowed t o  the point where it becane vksualiy disturbing znd 
it was removed by Claudia Deschu. She made a new f i l l  with Exral 
NYL epoxy toned with dry pigments. 



the loss areas. Presently, t h e  silver is brittle and frsgile where 
it is corroding but stable where the coating remains. Areas of 
loss were replaced  with 'aluminum leaf at some point in the past. 
T h e  leaf  appears t o  have been stuck down with c e l l u l o s e  nitrate 
resin (fluorescing a bright blue/white). The aluminum leaf i s  not 
w e l l  adhered at the edges or in areas of over lap  and there a r e  
places where a l l  t h e  layers have been scraped away. .A second 
repair campaign employed a silvery paint (also analysed as 
aluminum), which appears to have besn applied to l o s s e s  near the 
center of the bowl in the more recent past. 

The copper alloy socket plate has black' surface corrosion, 
particularly at the. ou te r  perimeter; and there is some o v e r a l l  
t a r n i s h i n g  i n  a spotty pattern. ~ x a m i n a t i o n  under ultra-violet 
light showed what seemed t o  be a s h e l l a c  coat ing  (orange 
fluorescence) on the upper surface of the plate. When the 
chandel ie r  was e l e c t r i f i e d  holes were d r i l l e d  through t h i s  plate 
to allow wires t o  pass up through the central shaft. 

T h e r e  a re  numerous small chips and losses along the edges of 
the glass shaft elements. The sted shaft shows moderate corrosion 
t o  t h e  surface acd may not be original, according to Don Heller. 
an outer s l e e v e  of silver plated copper: a l l o y  has  been f a b r i c a t e d  
t o  provide support t o  t he  glass elements without stressing the 
inner rims. Below the socket plate there is no steel support rod, 
only the plated copper alloy. 

Branches: Two af t h e  arms hzve old metal repairs where the 
candle cups meet the ends of the arms. One of these repairs (arm 
#12) is lead alloy and the  o t h e r  (arm #2) is a white met21 which 
appears to be Monel metal or white bress. The arm w i t h  the  lead 
repair also has a sliin lead ~ i n g  surrounding the candle cup which 
supports an adhesive repair. The cup is broken in half vertically 
and the adhesive has failed, leaving only t h e  ring holding t h e  cup 
together .  Arm # a  has a vertical break repairod with a lead band 
and adhesive in a manner very similar to arm #12, although it has 
a three part break. 

On a m  # 4  the canCle cup has been replaced and is being held 
in place with a nut and bolt embedded in it's base. A r m s  '#5 and 
$ll-have 40% lasses in t h e  d r i p  pan s u p p o r t  shoulders a t  the base 
of the candle cups. On arm #7 t h e  shou lde r  i s  a segarate component 
2nd there is a 2 sq cm conchoidal loss a t  the base of the candle 
cup. 

A r m  #l has a' lcm chip in the rim of the candle cup. Arm 86 
has a vertical blind crack in the s i d e  of the candle cup. Amus #3, .  
as, and #10 are in very gooe cond i t ion ,  having only minor chips in 
the rims of the candle cups. 

The chandelier'has been electrified. with fzlse candles securad 
in the cups with wax and electrical wires which were glued tc the 



Solvent Testing: 

Solvent t e s t s  indicated thet both the Bxtal epoxy resin and 
the yellowed polyester r e s i n  softened in methylene chloride. The . 
glue used t o  hold the  wiring in place, probably a cellulose nitrate 
glue, was soluble in both acetone and ethanol, as was t h e  o l d e r  
adhesive i n  t h e  candle cup breaks. The corrosion products  on the 
resin m a t e d  copper alloy socket p l z t e  could be reduced with both 
c i t r i c  and formic  ac ids  without damaging the shellac coat ing .  CAL 
g l a s s  cleaning solution e z s i l y  cleaned the surface of the glass. 

all of the applied coatings on i n t e r i o r  of the receiver bowl 
were soluble i n  acetone, and their renoval does not affect the 
silvering on the surface of t h e  gless, 

.nEATZ.IENT OBJECTIVE: 

Although the chandelier is generally sound, t h e r e  are same 
things thet could be done to improve both its structural stability 
and its appearance. There are some large cracks end breaks that 
neer!  repair to. maintein the structural staSility of scme of the 
components. The silverinq inside the console is u n s t a b l e  and 
should q e t  e t t e n t i o n .  Both the socket plete and the central shaft 
are csrroding. Additionally, there are aesthetic concerns that 
need to Se addressed prior to exhibition, such as the unsightly 
polyester and epoxy r e p e i r s .  T h i s  object is to be pleced i n  the 

- "Eye for Zxcellencen exhijit in t h e  Gallery. 

TREA'IT.EENT PROPOSAL: 

1. Dis-assemble the c e n t x e l  chandelier sheft, noting the location 
of each szc t ion  in t h e  atiaches drawing. 

2. As directed by the curator, de-electrify and remove f z l s e  
candlesticks by soaking t h e  branches in petroleum benzine. A s  the 
wax is szftaned,  carefully remove the candles f r c m  t h e  glass 
sockets .  

3. Xechanically renove l e = C  r ings  from the broken candlecups and 
renove old discolored adh~sive with acetone. . , 

4 .  3emove discolored epoxy and polyes5sr adhesives and fill 
materials with Zip-strip (a p r o p r i e t e r y  paint stripper comprised 
of 80% methylene c h l o r i d e ,  <lo% ethanol, 5% mineral spirits, ~ 4 %  
methancl, in e proprietary gel medium; Star Bronze Company, 
Al ' l i ance ,  Ohio), repeating if ,necessary until all the meterial has 
been remcved. 

5 - Clean 211 the glass parts i n  CPL glass cleening scl'uti011 (50/50 
ethenol and distilled warer, adjusted to ph 9 with ammonium 



hydroxide) and dry thoroughly. 

6 Clean glass edges to-be joined, using acetone  on cotton swabs, 
and secure sec t ions  with scotch t ape .  Wick Epotek 301-2 (Epoxy 
Technology, 14 Fortune Dr. , Billerica, FA) epoxy r e s i n  into the 
cracks and allow it to cure at ambient temperature and humidity. 
A f t e r  cleaning with acetone, attempt to pull Epotek into the blind 
crack on branch $ 6 .  This epoxy has been chosen both for its high 
index of refraction (1.564), and its low viscosity. 

7. Use Dow corning ~ilastic T silicone rubber to mzke molds of 
complete sections of both the d r i p  pan and the candle cups with 
losses, and apply to a r e a s  of loss. silastic T wzs chosen both for 
its minimal shrinkage and its compatibility w i t h  epoxy resins. It 
is also transluscent, which may make alignment on the object 
easier. Provide an extra space at the top of the mold to allow Tor 
shrinkage during the cure time. Pour in Epotek 301-2 epoxy resin 
toning, only if needed, with Oxosol dyes (~iba-Geigy I n c . ) t o  match 
the color of the g l a s s .  Allow the epoxy to cure before removal of 
the molds, remove, and carve  or sand and polish the fills as 
needed. 

- \ c cn r3,z;-3,; dj 
6. Clean the central iron rod by a t  40psi with 60/200 
mesh crushed wzlnut shells. If necessary, any remaining corrosion 
products can be rernovee by applying CEC 3-36 (CRC In2ustries, 
Waminster ,  PA), a proprietary penetrating. oil composed of 
petroleum distillato, (67%)) an inhibited paraffinic oil (29%), and 
carbon dioxide ( 4 9 ) .  Allow t h e  CRC to soak for several hours and 
brush with a fine gl~ss bristle brush to remove loosene2 c~rrosion 
products. Remcve excess CXC end glass particles from the surface 
of the iron w i t h  petroleum benzine 2nd e soft cloth, and zpply a 
m a t  of pes te  wax ( 1 0 0 5  Besquare 195" microcrystalline wax, 25g 
Polywzx 2000, 200ml mineral spirits), buffing with a stiff natural 
bristle brush. 

9. Clsan the copper alloy arm socket plate and socket ends by 
first degreasing with petroleum benzine, then applying 2% Igepal 
A630 (Talas,) in distilled water to remove surface dirt, rinsing 
with water, and applying either 10% diamoniurn citrate or 5 %  formic 
acid, depending on t h e  level of corrosion, to the areas of heavy 
corrosim, rinsing with distilled water, an& drying thoroughly. 
Chemically dry wFtk acetcne. Apply two coats of Acryloid 548s 
(Rohm & Baas, Philadelphia, PA), 10% in xylene, followed by a coat 
of paste wax (as zbove). 

10. From t h e  skandgoint of the long-term stability of the object 
as a whole, and due t o  the badly deqraded condition of the 
colophony, the curator decided to visw the colophony in t h e  same 
way painting varnish is viewed - as strictly a protective coating 
with no aesthetic inportance, to be r ~ n e w e d  as necessary for t h e  
protection of t h e  silver. S ~ n c e  the solubility parzneters were so 
similar, it was decide2 to remove all of "the old coatings ar,d 



aluminum leaf with acstone. An isolating layer of Acryloid B-72 
10% in acetone w.ill be applied, and the loss areas w i l l  be re- 
leafed with new silver, -burnishing as needed to approximate the 
appearance of the original material. The new leaf w i l l  be c o a t e d  
with the same acrylic to protect it from c o r r o s i o n .  

11. Arms $2 and #12 hzve stable 5 ~ t  somewhat unattractive repairs. . 

X-radiography would be helpful in determining the e x t e n t  of loss 
t o  t h e  glass under th'e repairs (although this can be done only on 
the arm with the copper alloy repair) . The d e c i s i o n  of the curator 
is to take the old repairs a p r t  mechanically and r e p l a c e  them with 
epoxy fills as above, dowelling if necessary with glass rod to 
provide increased structural stzbility. 

12. The arm with the dowelled and screwed candle cup, while loose 
an6 movable, appears to have been done t o  compensate for lateral 
deformation in the a m  and may have been done by t h e  original 
glassmaker to avoid havinq t o  make a n o t h e r  arm. Cleaning w i t h  
acetone end adhering the two pieces with Acryloid B-72 50% in 
acetone should serve to stabilize the p a r t s  and minimize the visual 
interference of the old repair while leaving it intact. 

13: Clean all the replacement silver-plated copper  alloy sleeves 
with zce tone  and apply tws czzks cf Acryloie B-48 (as above). 
Paste wax (as above) to provice  slip when fitting the perts b a c s  
together. Reasssmble chandelier. 
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' EPOXY 
TECHNOLOGY 

NUMBER OF COMPONENTS .............................. Two 

MIXING RATIO ..........-........... .... PARTS BY WElGHT 
Part "A" ................................................. 100 gms. 
Part "B" (hardener) .......,........................... 35 gms. 
NOTE: If Part "A' crystallizes in storage, merely 
place container in a warm oven (without cap) until 
crystallization disappears. Allow to cool to mom 
temperaturn before rnlxlng with the Part "B" (hardener). 

CURING SCHEDULE 
80°C .................................................... 1% hours 
Room Temperature ...................................... 2 days 

OPTICAL PROPERTIES 
Index of Refraction ...................... .., ................ 1.564 
90% transmission at 3000 angstroms 
9899% transmission at 3100 angstroms to 2.5 
rnlcmns 

PHYSICAL PROPERTIES 
Color ...........,........................ .... ................. Clear 
Specific Gfavky ................................................ 0.95 
Viscosity (mixed) 

& 100 rpm123'C ............................ 300 - 600 CPS' 
Hardness. Shore D ............................................ 82 
Glass Transition Temp. (Tg.) 

cured @ 80mC/3 hours .............................. > 65'C 
Operating Temperature Range ........ 45°C to 200'C 
Water Absorption (30 days; 94% RH; 

@ Room Temp.) ...................................... 0.01% 
Moisture Resistance (10 days: 94% RH; 

-7 0'C to 65% MIL-STD 750 Test 1021 .I). Passed 
Weight Loss; 200'C - 300 hours .................... 0.07% 
Coefficient of Linear Thermal Expansion 

(3OeG9O'C) 62 x 10d inlinl'c 
Unear Shrinkage .............................. ... . . .  1.4% 
Temperature Cyclkrg (epoxy on ceramic) 

MIL-STD 750; Test 1051.1 ....................... Passed 
Thermal Shock (epoxy on ceramic) 
MIL-STD 750; Test 1051.1 ....................... Passed 

Lap Shear Strength (Al to Al) ..................... 2,000 psi 

ELECTRICAL PROPERTIES 
Dielectric Strength .................................... 500 VImil 
Dielectric Constant 25'C; 100 KC ...................... 3.1 

115'C; 100 KC .................... 3.67 
Volume Resistivity (ohm-cm) .................. >3.5 x 10'' 
Dksipatlon Factor ........................................ 0.038 

POT LIFE ................................................. One(1)day 

SHELF UFE 
One (I) year when stored at room temperature. Keep 
container closed when not in use. 

REFRIGERATION IS NOT REQUtRED. 

Optically Transparent Epoxy 

Rev. Ill 
11/96 

EPO-TEK 301.2 

INSfRUMENT: P a 2 0  
SOURCE: WrOaul. 
BAHOPASS. VarlaDle 

REFERENCE: O u ~ r l z  
SAMPLE: .W15 bsl*.ln I w o  quam platax 

EPO-TEK 301-2 is a two component epoxy that can be 
cured with orwithout heat. In addition to its exceBent op- 
tical properties, the 301-2 is a clear epoxy that has a low 
viscosity, long pot Itfe (8 hrs,) and good handling charac- 

- 
teristics. It was designed for opiical applications such as 
a lens for optoelectronic display devices. bonding fiber 
optics (glass or plastic) and. for optical filters. EPO-TEK 
301-2 can be used for bonding glass. quartz. metals and 
most plastics. It has also been used for impregnating 
wooden objects in the restoration of artifacts. 

The maximum recommended service temperature is 
125'C. 

NONTOXIC -complies with USP Class VI Biocompatibiiity 
Standards. 



SbnPLE : 30t-2  . 

CONC. : N/R 
COMMENT : 

REFERENCE : GLASS 
PATHLENGTH : 

CFIXEDI 
WRVELENGTH 

2: 2450.0 
L :  2350.0 
6: 2250.0 
8: 2150.0 
10: 2050.0 
12: 1950.0 
14: 1850.0 
16: 1750.0 
18: 1650.0 
20: 1550.0 
22: 1450.0 
24: 1350.0 
26: 1250.0 
28: llS0.0 
30: 1050,O 
32: 950,O 
34: 850.0 
3 6 :  750.0 
36: 650.0 
LO: 550.0 

(%TI 
VALUE 

SPEED : !-!ID. SLIT : 5.0 
BRTE : 9-6-63 

ANRLYST : CTM 



EPOXY 

Spectrally Transparent Epoxy 

Rev. I 
1194 

SPECIFICATIONS 
NUMBER OF COMPONENTS ......................-...... Two 

MIXING RATIO PARTS BY WEIGHT 
......................... ..................................... I Part "A" - 20 

Part "8- (hardener) ............................................. 5 
Maximum recommended mixed quantity should 
not exceed ................................................ 25 grams 

CURE SCHEDULE (Bond line temperatures - use any 
one of the followlng) 

.............................................................. 65'C 1 hour 
................................... Room temperature Overnight 

0 

OPTICAL PROPERTlES (Adhesive film thickness- 
0.0035") 
Greater than 97% transmission 3200 - 9000 A - 
Greater than 80% transmission 91 00A - 2 . 6 ~  

INDEX OF REFRACTION ....................... 1.538 - 1.540 

PHYSICAL PROPERTIES 
Lap Shear Strength ..................................... 1700 psi 

(aluminum to aluminum) 
Specific Gravity (A & B mixed) .......................... 1.09 

Part"AU ......................................... 1.75 
Part "0" ......................................... 0.87 

Shore D Hardness ...................................... .. . 81 
Glass Transition Temperature (Tg) 

(Cured @ 65"CIl hour) ............................. 46% 
Coefficient of Thennai Expansion EPO-TEK 301 is a two component, room temperature 

Below Tg: 50 x 106 tn/lnl'C 
Above Tg: 125 x 10" InlinlmC curing. epoxy adhesive featuring very low viscosity, good 

pot life. good handling characteristics and excellent opti- 
OUTGASSING PROFILE FOR AEROSPACE 

ENVIRONMENT 
Total weight loss by weight (%) .................... 1.08 
VCM (volatile condensable materials) 

% by weight ............................................ ... . 0 

VISCOSITY (25'C) 
Parts "Aw B "8" mlxed .................................. 100 cps 

POT LlFE 
100 gram sample ......................................... 30 min. 
25 gram sampte ........................................ 50 min. 

SHELF LIFE 
One year when stored at mom temperature. 
Keep containers closed when not In use. 

REFRIGERATION NOT REQUIRED 

cal properties. 

Although designed primarily for opticai filters, EPO-TEK 
301 has found wide usage in many instrumentation appli- 
cations. It is also recommended for bonding glass and 
plastic fiber optics. 

EPO-TEK 301 has good adhesian to many different types 
of substrates including glass. quartz. metals and most plas- 
tics. 

Based on outgassing test resutts by NASA. EPO-TEK 301 
is approved for space fl1ght programs. 

NONTOXIC - complies with US? Class VI Biocompatability 
standards 

Ef3gX;' 'Z.z:+MOtOG% -NCm . -....-. - ...... .,-.: - ... . ?  j . . . t r ' I '  
- - . . , -  . - - -  - -  * .  . . - . -  

C I ; : . . - . - -  ..i-_ FAX: I : ;  -.;; - 



PLASTICS 
WBRLD 

Adhesive 

A two-component epoxy is be- 
ing used effectively for thin- 
film interference filters and for 
the bonding of lenses and other 
substrates. 

"Epo-Tek301",made by Epoxy 
Technology, has the unique 
properties of being optically 
transparent between 3000 ang- 
stroms and 2.6 microns and 
bondable to most glasses, met- 
als, ceramics and plns~ics. .LC- 
cording to end user, Corion In- 
struments, a special advantage 
is gained by its having a refrac- 
tive index close1 y matching most 
of the  common glasses. 

SeveraI glass elements may 
be cemented together with the 
new epoxy with the total trans- 
mission being increased con- 
siderably when compared with 
the  same elements arranged in 
air-gap sequence. Another note- 
worthy pain is freedom from 
yellowinp in intense ultra- 
violet light a t  high tempera- 
tures. 

This adhesive is useful - for 
makinp microsection studies of 
roiks. animsI tissue and various 
other macerials because of the 
follow in^. properties: la) very 
low viscosity, (b) room-tempera- 
ture curing. Ic) toughness and 

Medical slides sandwiched between 
glass that  is joined with "Epo-Tek30 1" 
are hermetically sealed and protected 
with no reflecting rnterior surfaces to 
hamper v~sib~l i ty  and clarity. 

Epoxy sajk to zise zcitlz 
plastics since no 

solvents are 1zeeessa7y 

adhesion and (d) index of re- 
fraction same a s  glass. 

"Epo-Tek 301" has been used 
for replicating optical compo- 
nents  such as mirrors because 
of its combination of desirable 
properties. Because the  ma- 
terial is a 100-percent solids 
formulatian, requiring no sol- 
vents, it does not. attack most 
plastics. I t s  curing time is con- 
trolled accurateiy as  a function 
of temperature. 

Although the sptictrni range 
of the  cement's transparency is 
very broad, its light cut-on char- 
acteristics are extremely sharp. 
This property is utilized in some 
types of Corion filters, making 
the epoxy perform. both an  op- 
tical and a mechanical function. 

Corion and Epoxy Technology 
jointly have developed a new, 
optically opaque black epoxy 
compound. Even when applied 
in a thi~: film. i t  still transmits 
less t han  0.0001 percent over 
the wavelength range of 3000 
angstroms to 1 micron. This is 
used to mask out  certain areas 
where light transmission is un- 
desirable. The high epoxy bond- 
ing strength joins the opaque 
coating and the optical sub- 

, s t ra te  into a single entity, xvitfi. 
separation virtually impossible. 

These achievements empha- 
size the  benefits to h e  derived 
from joint and inter-discipli- 
nary R&D efforts between plas- 
tics makers and product spe- 
cialists. In  this case, the co- 
operative effort %\-as made by 
Epoxy Technology, a supplier of 
custom-formulated epoxy com- 
pounds. and Corion Instru- 
ments, which specializes in 
thin-film cieposition o f  metals 
and other materials on glass 
and quartz. 5 

PW 161 
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Technology Products 

Escmmml 
~ C B L F m l ~ ~  
i s a t w b p a r k v  
addition-reacti4n -,sEaKze . 

. ~ ~ i b r ~ a s a ~  
mclldmamgarrdgeneralpottingand 

~ L t s s u p e r i w  
~ b w m o c E u t u s a n d ~  --- . - - tD 
m a k e a n e x e k n f ~ t k t s n i n i -  
~ ~ , ~ p a r t r e m e v a I  
ease,andpsavaesmmddhFe 
atEdrrifsfainkage~erPeda -- 
With axing agerrtadded. SILASIlC 
LFFivsiiicdnerubber~beeomes 
a ~ f l i d ~ o f ~  
i h e m o s t ~ e r e v ' u = e s a n d ~  
E t r r c i n g ~ d t a a k ~ i h  
s l p z r i m e - a i d e a l  
* -g- -mm 
d e e p ~ a n d d c r s e ~  
are -=i- 

SILASTIW L RTV Silicone Rubber 
Tvpe T-sifieonembber 
M f a r n  

Pom&e.firid 
aSMed Raible*. 

CtPe 24henrsat~1anmiiu 
p r r e i i m e w f # ~ ~ t r e a t  

s m - w  -flediwadm-Ek 
h j g h ~ ~ ~ ~  

pr'mrary- ~ ~ ~ d e g p ~ a n d  
-pattirPgard-- 



mu- 
* - T h ~ v a h r e s ~ ~ i r r t e n l e d f n r u s e i n p c e p a r i n g ~  

+ 

GTMM7V -Base Brtff 
~ r a i n g A g e &  - green 

---iQ3Agerrt--zbyweigM- 1M 

AS- 
W M 7 6  - G r e e n  
crrrVrw#o visazsity2at25C(nF),paise 925 
CTM0092A SnapT!at25C(nfihaas 3r: 
(=TMCQ32A CureTlmef;rt25C(77fl,horas 24 

a t 6 s C ~ 5 0 F ) , ~  30 
* &YWCjZt2~rHirrtms 7 5  

atrsocF.rmfl.miartff 5 

As--Pbysieaf- 
mM)95 thamhF-Shcreq* 35 
CranOl37A TmSeSt~qh,psi 55D 
C7MM37A -m 350 
CTMm55A TesStm@,Die%,ppi ' 6 5  
Cnnc#m SpedkGravltyat25CmF) 128 
m m 5 7  LinearShrink Nil 
cnnQ224. T h e r r r r a l - , v -  mQ+ 
CAM0585 VobaaeCoeffiderdd~tiq9nsicn. 

-(0-1~cl la2urW -- 
ClM (n14 --MfMrrriI SDO 
m m 1 2  Didedxk- ' 

atlWHz 271 
~ 1 r n m ~  - -  - z5 

CTM mt2 chssqamfatta 
zZ1WHz am88 
2t100?3iZ Dm26 

mm49 vabrme-,- ~~ 
CTM0249 AFK;Re3amzesecal& 122 

' I h e - m e b e e n  
d = c k d f o r ~ w r i m  
S U A S n C L R I V ~ n r b b a *  
k€miias-- 

W CORNING. 3lm series and 
D O W C O F W 1 N G O H S ~ K N  
~~ 
OCMluxNlNP282adk+e -* 
WydkdMIL-SgSf6 
-c;ureil 
---P@ 





DOW CORNING CORPORAnON 
MIDLAND, M ICHIGAN 486864994 



Type 
Two-component, high-strength, 
silicone moIdmaking rubber 

Appearance 
Translucent 

Special Properties 
Low viscosity, very fast cure 
with heat, high inhibition 
resistance'and very low 
shrinkage 

Primary Uses 
For detailed reproduction of 
surfaces and objects for proto- 
type design, production toohg, 
and artistic and renovation 
applications 

Information About DESCRIRTION 
s i h t i c r n  T-2 Silicone Moldmaking Sizdc@ T-2 Rubber is a ~ l u c e n ~  highdmngth 

Moldmaking Rubber silicone moldmalring rubber for 
detailed reproduction of surfaces 
and objects for design and 
production tooling, as well as artistic 
and renovation applications. It is a 
twecomponent material consisting 
of a base and a curing agent, which 
when mixed, cure at room or elevated 
temperatures by an addition reaction. 
It is translucent, allowing molds to be 
cut without fear of damaging masters, 
and also dowing pigmentation to . . 

meet individual coloration needs. 

mTURES 
Low viscosity for easy mixing and 
deairing 

Veryfastcurewith heat 

High inhibition resistance 

Very low shrinkage 

Medium range durometer hardness 

Transtucent/colorIess' 

HOW TO USE 
The d c e  of the original should 
be dean and free of loose material 
When correctly mixed with the curing 
agent, Siiastic T-2 Moldmaking Rubber 
releases well from most substrates 
after cure. With porous substtaws, a 
release agent or barrier coat may be 
needed to seal the surkce before 
casting the silicone. Release coatings 
such as petroleum jelly or others can 
be used Before casting the szcone . 
iubber, it is advisable to verify that no 
adhesion has occurred between the 
Silasric T-2 Moldmaking Rubber and 
the master mold or h e .  

APPLICATION 
Weigh out 100 parts of S i h t i c  T-2 
Translucent Base and 10 parts of 
Silnstic T-2 Curing Agent in a clean 
container. Mix until the curing agent 

is completely dispersed in the base. 
Mix suitably small quantities to ensure 
thornugh mixing of the base and curing 
agent and adequate working time. 

Entrapped air should be removed 
in a vacuum chamber, allowing the 
mixture to compIeteIy expand and 
then collapse. After an additional five 
minutes, the MCUUm can be released 
A volume increase of four to five times 
will occur upon vacuum deairing of 
the mixture, so a suitably large container 
should be chosen. 

, Pour the mixed base and curing agent 
onto the master, avoiding air entrap 
menr Some bubbles will Amain in the 
material after vacuum deairing - these 
will rise to the surface and break dur- 
ing the working time. The material 
should be allowed to stand for about 
30 minutes at room temperature after 
deairing and before heat curing. The 
catalyzed mixture will cure in thick 
sections to a flexible rubber; typically 
within 12 hours at room temperature, 
at which time the part can be demolded. 
Heat will greatly accelerate the cure. 
There may be some contraction upon 
cooling due to rhe coefficient of 
thennd contraction difFerences 
between the silicone rubber and the 
original. The higher the curing tem- 
perature, the greater the differences 
in dimensions. 

Working and Cure Times 

Typical Typical 
Ternpcrature working Time, Time 
"F "C - - Minutes to Cure 

68 . 20 180 14 hours 
77 25 140 10 horn 
86 30 105 7 hours 
95 35 65 4 hours 
104 40 55 2 hours 
122 50 15 45 minutes 



IWSBlTXON OF CURE 
All addition cure silicone elastomers 
are susceptible to cure inhibition when 
in contact with certain materials and 
chemicals. It is strongly recommended 
that &.ing containers, mold construe- 
don materials, masters and release 
agents be checked for any inhibition 
effect before use by properly mixing 
SilasticT-2 Translucent Base and its 
ctrring agent and applying a small 
amount against the surfaces. Inhibi- 
tion has occurred if the elastomer is 
only partially cured after 24 hours, or 
has a sticky surface in contact with 
another marcrial. Amines and sulfur- 
containing materials are strong 
inhibitors, as are organotin salts used 
in condensation cure silicones. Wet or 
moist surEaces can came gas bubbles 
to form during cure in the silicone 
adjacent to the substrate surface. 

LMJTATIONS 
Not intended for medical use. 

SHIPPING LlMlTAIONS 
None. 

STORAGE AND SEIELE LEE 
SifarlicT-2 TransIucent Base and its 
nu ing  agent should be stored in 
closed containers at or below room 
temperature. The materials have a 
shelf life of six months from date of 
shipment. Ensure that containers are 
tightly closed after use. 

PACKAGING 
SiZastic T-2 Translucent Base is a d -  
able in 9,45 and 440 lb (4,20 and 200 
kg) containers. S i h t i c  T-2 Curing 
Agent is available in 0.9,4.5 and 4.4 Ib 
(0.4,2 and 20 kg) containers. 

TYPICAL PROPERTES 
These values are not intended for use in preparing spedfxcations. 

As Supplied 
Base Color ........................................................................................................ Translucent 

Viscosity, centipoise or mPa.s ............................................................................ 50,000 
Curing Agent Color .......................................................................................... Transparent 

centipoise or mPzs ..................................................................................... 550 

As Miwd: 100 Parts Base to 10 Parts Curing Agent by Weigbt 
Vicosity, ccntipoisc or 6 s  ..................................................................................... 40.000 
Specific Gmvity ................. , ..............................................-..................-........................... 1.1 2 

As Cure& 24 hours at 71V (25'C) 
Durometer Hardness, Shore A ..... , ................................................................................ 42 
Tensile Strength. psi ......... , ....... ; ............................................................................,....... 800 
Elongation, percent ..................................... :.. ..-......................................................... 300 
Tcar Suengzh, Die B, ppi .................. , ........... .. ~......................-..................................... 120 
Linear Shrink, percent ................................................................................................... c0,l 
Specificadon Writers: Please obtain a copy OF the Dow Cotning Sales Specification for 
tbis product and use it as a basis for pour specifications. It may be obtained Born any 
Dow Corning Sales Office, or from Dow Corning Customer Service in Midland, MI. 
Call (517) 496-6000. 

SAFE HANDLING INFORMATION determine its performance, efficacy 
PRODUCT SAFETY INFORMATION and safety. Suggestions of uses silauld 
REQUIRED FOR SAFE USE IS NOT not be taken as inducements to 
INCLUDED. BEFORE HANDLDTG, infringe any particular patent 
READ PRODUGT ANI3 MA- 
w n  DATA SHEETS AND CON- 
TAINER LABEL3 FOR SAFE USE, 
PmICAL AND HEALTH HAZARD 
INFORMATION. TWE MATERL4L 
SAE7EIYDATA SHEET IS AVAILABLE 
FROM YOUR DOW CORNING REP- 
RESENTA~'IVE, OR DISTRlBUTOR 
OR BY WRITING TO DOW CORNING 
CUSTOMER SERVICE, OR BY 
CALLING (517) 496-6000. 

L3MITEDwARRANTY- 
PLEASEREAD CAREFUUY 
Dow Corning believes that the infar- 
mation contained in this publication 
is an accurate description of the typical 
characteristics and/or usw of the 
product or products, but it is your 
responsibility to thoroughly test the 
product in your specific application to 

Unless Dow Corning provides you with 
a spe&c written warranty of fimess for 
a particulq use, Dow Corning's sole 
warranty is that the product or 
products, as supplied, will meet 
Dow Corning's then current sales 
spe&cations. DOW CORNING 
SPECXFIWY DISCLAIMS ANY 
OTHER EWRESS OR MPLIED 
WARBANIT, INCLUDING THE 
W- OF MERCHANT- 
ABlLlTY AND OF FITNESS FOR 
USE. Your exclusive remedy and 
Dow Corning's sole liabiity for breach 
of warranty is limited to refund of the 
purchase price or replacement of any 
product shown to be other than as 
warranted, and Dow Corning expressly 
disclaims any liability for incidental or 
consequential damages. 

S#hkh  a Fcgirtcrcd m d c m k  of 
Dow Corning Corpondon. 
0 1% D m  Coming C a r p d o n .  
All righu rnavaL 
Prlntcd ie U S A  S M C m  Form No. 10-&%A-86 

Dow Corning Corporauon 
Midland, Michigan 486864994 



l nformation About 
High Techno-logy Products 

DESCRIPTION 

SILASflCs E RTV silicone rubber is a 
two-part siltcone rubber designed for 
use as a flexible rnoldmakiog and gen- 
eral'poffing and encapsulating ma- 
terial. This high-strength, tear-resistant 
silicone rubber cures at room temper- 
ature with an addiiion-reaction cure. 
SILASTIC E RTV silicone rubber offers 
easy release, hlgh elongation and 
minimum shrinkage. Other o~rtstand- 
ing characteristics Include: 

Reversion resistance 

Long working time 

Heat-acceierable cure 

0 Wide servbe temperature range 
from -55 to 200 C (-67 to 392 F) 

An easy-to-mix ratio of 10:l base to 
curing agent ensures accurate measur- 
ing or blending by hand or machine. 
The material cures in unHmited thlck- 
ness, regardless of part configuration 
or degree of confinement 

USES 

ElectricaVllectronic Appticatians 

SILASTIC E RTV silicone rubber Is an 
ideal eleclrlcaVelectronlc material for 
general potting and encapsuiating of 
modules, relays, power supplies, ampli- 
fiers, transformers and connectors. 

Moldmaking Applications 

After rnking with its curing agent, 
SIMTtC E RTV silicone rubber be- 
comes a pourable liquid capable of 
forming durable, flexible molds for 
producing parts with unusual config- 
urations, severe undercuts and close 
tolerances. 

SILASTlC@ E RW Silicone Rubber 
Type ...- -*.. ..... -...- ..... --..-.--..- ...-.. .. ........-..- .. Two-part sfiicone rubber 
Physical Form 

as supplled .,..............,..-. ,,,.. .,......,,...,-,..,.... - -....... .,.... Pourable Iiquid 
as cured...,,, .- ........ -.,.--..- ..... - ..-.. .. ..... ...... - ...... Flexible rubber 

C u r e . .  ... -, ...........,,..... - ....... .,. ..... At mom temperature wltflln 24 houts 
after addhion of curing agent 

Special Propstties ..-.,..,.. ....... --......... - - ................. . High strength; tear reststance; 
low shrlnk: hlgh elongation 

Primary Uses  ...- .-..,..........,..... ..- -,....-........-. Flexfble molds used to reproduce 
intricate datait; potting and encapsulatlng applldons 

MOW TO USE 

Pattern Preparation 
Patterns to be molded should be 
thoroughiy cleaned to remove grease. 
oil and other surface contaminants. 
Certain contaminants sornetlmes used 
in moldmaking operations can p re  
vent SlLASTlC E RIV sillcone rubber 
from curing. Care should also be taken 
to ensure that comers, crevices and 
draws are free of dirt or particles of 
foreign matter. A Bght "blow over" \?rith 
compressed air Is advised when the 
pattern has convoluted draws or un- 
dercuts. Then place the original model 
or pattern in a light frame of card- 
board, foil, wood or other materid. 
Allow approximately 1/4-inch clear- 
ance on all sides and overihe top of 
the pattern. Attach the pattem secure- 
ly to the bottom of the frame SO that it 
does not float 

A pattern release agent should then 
be wiped or sprayed on the pattern. 
A light coat of release agent on the 
sides and underside of the top of the 
frame will f a c l f ' i  release. 

Addition of Curing Agent . 
SlIASTlC E RlV sillcone rubber base 
and its curing agent are produced In 
matched lots; the two parts should be 
used in the kit form, as supplied. For 
the best curing results, use metal 
cans, clean glassware or unwaxed 
paper containers for mixing the base 
and curing agent SILASTIC E R W  
silicone rubber curing agent should 
be mixed into the bass material lust 
before use (with either manual or 
mechanical stirring) in the amount of 
one part wring agent to ten parts 
base by we\gM Note: Varying the ratio 
of the SILAST'IC E RTV curing agent 
will not hasten or slow the rate of cure. 
However, it will result in lowering the 
physical properties of the cured 
rubber. Inclusion of air during mixing . 
may cause voids In the finlshed mold. 
Entrapped air may be removed by 
applying a vacuum of 28 to 29 inches 
of mercury. Under such a vacuum, the 
material wilt expand four to fwe times 
Its orlginal vofume. As the froth col- 
lapses, the mixture wlll recede to its 
original volume. The vacuum should 

01893 Ouw Caring Corpaatlm. All figM8 r e s m d .  



be held one or two minutes longer fx- 
fore releasing. Pressure casting may 
be substituted with equal success. 

With the curing agent added, 1: Ib 
(0.45 kg) of SltASnC E RTV silicone 
rubber will produce 25 cubic inches 
(409.7 wblc centimeters) of rubber. 

Working Time 

Unlike conventional organotin- 
catalyzed RTV rubbers that double or 
triple viscosity immediately after ad- 
dition of curing agent, SllASnC E HN 
sllicone rubber remains a pourable 
material of less than 1500 poises for 
up to two hours after being mixed wfth 
its curing agent 

Curing 

The cure of SllASTtC E RTV sillcone 
rubber occurs by a reaction between 
the base polymer and the curing 
agent This polymerization requires 24 
hours after the addition of the curing 
agent at room temperature. This 
material wIll not revert or depolymer- 
he, even under conditions of elevated 
temperature and confinement. Vulcan- 
ization can be accelerated by heatfng 
the catalyzed material. However, this 
will increase the shrinkage from nfi to 
0.3 percent. A part 1M-inch thick wlll 
set up within 30 minutes if the temper- 
ature is maintained at 65 C (150 F). 
fhe rate at which thicker sections will 
set up depends on the size and shape 
of the piece. 

Vulcanization will not be accelerated 
at the center of the piece until lbe 
entire mass has reached the elevated 
temperature. Average set-up times 
at various temperatures far 1 /4-inch 
moldings am shown below: 

Temaeratue Set-UD Time 
25C177fl 4 4  hrs 
52 C (125 r;) 6D mfn 
65 C (150 F) 30 rnin 
93 C (200 F) 15 min 
121 C (250 F) 7 min 
149 C (300 F) 5 min 

Inhibition 

Localized InhlbMon of cure may be 
encountered at the interface when 
SlLASTlC E HN silicone rubber, dur- 
ing the curing process, comes in con- 
tact wW1 certaln contaminants. Among 
materials found to cause inhibition arE 
sulphur-containing and o rganom~t ic  
sdt-containing compounds, such as 
organic rubbers, and many RTV sili- 
cone rubbers. 

TYPICAL PROPER'I?ES 
W s e  values are not intended for use in pmparing specififications. 

As Supplied 
CTM 0176' Appearance 

............................. ...................................................... base .. W h b  
....................... *.....................-.--...................... curing agent .. Clear 

......... Mixing Ratio. base to curing agent, by weight , .....,....., 10:l 

As CatBfjzed- 1O:l Rafio, by weight 
CTM 0176 Appearance ...- .... , ............ , ........... , ..................................... White 
CTM 0050 Visdsity2 at 25 C (77 Fj, poise ..... ............................................. 600 
CTM OD55 Pot Life, hours ............................................................................... 2 
CTM 0092A Cure Tlrnd 

at 25 C (77 F), hours ........................................-.................... 24 
at 65 C (I50 F), mhutes ..-., ......................... ... ................ 30 
at 100 C (212 F), minutes ......................................................... 15 
at 150 C (302 F), m i n e  .,,,.,............................................ 5 

AS C u d  - Physical ProperCId 
CThtl 0099 Durometer Hardness, Shore A, points ............................ ... .......... 33 
CTM 0137A Tensile Strength, psi ......... , ................................................... 800 
CTM 0737A Elongation, Die C, percent ....................... .. .... -..-.. .......... 400 
CTM 0159A Tear Strength, Die B, ppi ............................................... ..... 1 OD 
CTM 0022 Specific Gravity at 25 C (77 F) .................................................. 1.12 
CTM 01 57 Linear Shrink. percent 

24 hours ........................................... - ...................................... Nil 
7 days ...................... ,,., .......................... ....... ........ 0.1 

CTM 0224 Thermal Conductfvity, Cal-crn/sec-sq cmPC ................... 4.35x7W 
CTM 0585 Volume Coefficient of Thermal Expansion, 

cclcc/"C (25-1 50 C) .................................................. 8.7~1 [r 
Water Absorption" prcent ........................................... .. ......... 0.1 0 
Specific Heat .......... : ........................ 3.71 x 1 O-' TcO + 3.201 x 10-I . .  

EIectrjcal Pmptwties7 
CTM 01 14 Dielectric Strength, volts per mil ............................................ 500 
CTM 01 12 Dielectric Constant 

. 100 Hz ................................................................................... 2.81 
.........*........... .......... 100 k k  ............................................... .. 2.82 

CTM 0112 Dissipation Factor 
....".. ------- 100 Hz .................................... .. ..-.--..- - .....-.. 0.006 

................................................ 100 W-lz .......................... , 0.002 
CTM 0249 Volume Resistivity, ohm-cm .......................................... 5.0 x 10'' 

....... . CTM 0249 Arc Resistance, seconds ......................................... -... 121 

'In most eases. ClMs ( C v r a t e  T d n g  Methods) corre~pond to ASFM standard tests. Copins ol CTM 
p~edures  are evellabla upon request. 

%moMield l k o m t w  Model W, spindle #6 at 5 rpm 
Time required to double tntW Qtalyred vmcojty. 
'Bawd on sample mass of one d l c  inch. 
%asad on sample thlcluws of I25 mils, cured 24 hours at 25 C (77 F). 
M m ~ e v e n d a y e h r d o n i n W r a t 2 5 C 1 7 f F ) .  
TWed on sample thlclawas of 75 mb, uYed one bur  6 150 C (302 F). 

Specifidon Writers: Please obtain a copy of the Daw Coming SaIes 
Specification for Wis product, and use it as a basis for your specHicatjons. It 
may be obtained from any Dow Coming Sales Office, or from Dow Comlng 
Product Infometian in Midland, M1. Call (517) 496-60W. 

Surfaces previousIy In contact wtth tion has occurred if ihe rubber is 
any of the above materials may dso gummy or uncured after the curing 
cause inhibition. If in doubt, test for period has elapsed. 
compatiblltiy by brushing a smal1 
amount of catalyzed SltASTlC E RTV Inhibitors 
silicone rubber OVW a Iodked  area of Tfie following materials have been 
the surface to be reproduced. Inhibi- checked for compatibility with 



DURHAM'S ROCK H A R P v  water USE, PHYSICAL AND HEALTH HAZ- SlLASTiC E R7V silicone tubber. 
Inhibitors include: P W  ARD INFORMATION. THE MATERIAL 

DOW CORNING" 3110,3112 and Vel-mix stone 

3120 RTV silicone rubbers P O L Y W 2  32-180 polyester 

All G E N E W  ELECTRICa' RTV POLYLW12 32-1 12 poIyester 
rubbers except 630 to 662 series POLYLlEY2 93-541 polyester 
DOW CORNINGQ 282 adhesive P O L Y L P 2  34-843 polyester 
M A R B L W  clay S C W 3  water putty 
Poiysutfide MIL-S-8516 PRAl7 & LAMBEFfP4 spray enamel 
Epoxy - amine cured BOYLE-MIDWAV PLASTIC ~ 0 0 ~ ' ~  
SCOTCHm cellophane tape MERMOSFTm5 epoxy 609 with 609 
PERMACELa masking tape hardener 
Neoprene rubbar POLYFORM"'6 modeling clay 
Buna N rubber SHIPPING LIMITATIONS 
Natural rubber 
PolyvInylchloride - plasticized None. 

TIIERMOSET&LS epoxy 61 Q with 61 9 STORAGE AND SHELF LIFE 
hardener 

SlfASTlC E KIV silicone rubber and 
MmMoSF 200 hs curina aaent should be stored in 
hardener 

- - 
closed containers at or below room 

M A R A S P  epoxy 656 with 656 temperature. The materials have a 
hardener sheif rife of 6 months from date of 
SHERWIN-WlLLlAMF" oil stain shlpment from Dow Coming. 
Larninac polyester resin 

PACKAGING 
Noninhibifors SllASTlC E R7V silicone rubber Is 
The following materials have been supplied with SILASTIP E RTV curing 
checked for compatibility with agent in matcheddot 1 .I -, 9.9-, 49.5- 
SlLASTlC E RTV silicone rubber. and 495-1b (0.5-,4.4-, 22- and 224-kg) 
Noninhibitors include: kits. All weights, ne t  

KINDT-COLLINS"a sheet and fillet wax H~~~~~~~ 
FREEMANm sheet and fillet wax 
Permaplast X33 clay 

ATENTION: PRODUCT SAFETY 
INFORMATION REQUIRED FOR SAFE 

KLEAN IVAP1"20 USE IS NOT INCLUDED. BEFORE 
U.S. Gypsum Hydracal HANDLING, READ PRODUCT AND . 
Epoxy - anhydride cured MATERIAL SAFETY DATA SHEETS ' 

Reapoxy-77 wfth hardener A AND CONTAINER l A B U S  FOR SAfE 

~ R ~ e g l s t s m d  trademark af GE Campany- 
2Regist~r8d t r a d e d  of Amerfcan Arf 
Clay Go., Inc. 

xRegistered trademark of 3M. 
*Registed trademark of Permacel. 
@Regisbred trademark of T h e m  
Plastics, Inc 

SAFETY DATA SHEET IS AVAILABLE 
FROM YOUR DOW CORNING REP- 
RESENTATIVE, OR DISIRIBUTOR, 
OR BY WRITING TO DOW CORNING 
CUSTOMER SERVICE, OR BY CAW- 
ING (517) 496-6000. 

LIMITED W A R R A W  - 
PLEASE READ CAREFULLY 

Dow Coming believes that the 
information in this publication is an 
accurate description of the typical 
characteristics and/or uses of the 
product or products, but H Is your 
responsibtlii to thoroughly test the 
product in your specific application to 
determine its performance, d c a c y  
and safety. 

Unless Dow Coming provides you with 
a specific written warranty of hess 
for a partbular use, Dow Coming's 
soie warranty is that the product or 
products will meet Dow Coming's 
then current sales specfimkions. 
DOW CORNING SPECIFICALLY 
DISCLAIMS ANY OTHER EXPRESS 
OR lMPLlED WARRAW, IMCLUD- 
ING THE WARRANTIES OF MER- 
CHANTABILITY AND OF: FITNESS 
FOR USE Your exclusive remedy and 
Dow Corning's sole \lability for breach 
of warranty is limited to refund of the 
purchase price or replacement of any 
product shown to be other than as 
warrarrted, and Dow Coming expressly 
disclaims any liahflity for incidental or 
consequential damages. Suggestions 
of uses should not be taken as induce- 
ments to infringe any particular patent. 

Vteglslered trademark of Allied Pducts  
Cotporatloh 

'Registered trademark of Sherwin-WlHlamr Go. 
'Trademark of Mndt-Golllns Co. 
'Registered trademark of The Freeman Mfg. 
a supply GO. 

lDRegistered trademark of Art Chemical 
Products, Inc  

"Registered Wemark d Donald Drnham Ca. 
eRegktsr6d trademark of Reichold 

Chemlds. Inc. 
U R e g b t d  trademark d Red Devil. I n c  
1 4 ~ ~  trademark of Piatt &bmbert. Inc. 
16Regktered tradernark of EqIeMidway DlviBton. 

American Hwne Products Cop. 
iaRegMered trademark of Potyfonn Products Co. 



DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 48686-0994 
'SILASflC and CORNING' are registered trademarks of 
Dav Cornlng Gorpora&on. 
PtintsdblllSA. F c m  No. 'I(FOtBC83 



Information About 
SiZ&c@'J RTV 
Silicone Rubber 

Type 
Two-part silicone rubber 

Physical Form 
- As supplied 

Pourable fluid 
- As cured 

Firm, flexible rubber 

Cure 
Heat curable at room tem- 
perature within 24 hours 

Special Features 
Good cut-growth resistance; 
high durometer hardness; 
low shrinkage 

Primary Uses 
For molds used to reproduce 
art objects, novelties and 
furniture components in 
urethane and other plastics; 
general potring and encapsu- 
lating applications 

DES(=RTPTION 
Silarticm J RTV Silicone Rubber is a 
two-component, room-temperature, 
addition-cure silicone rubber. This 
product, which is part of an entire 
family of S i h i c  Silicone Moldmaking 
Rubbers, is designed for use as a 
flexible potting, encapsulating or 
moldmaking material for u r e k e  
foams and other cast pkstia. S M c  J . 
R W  Silicone Rubber features 

Good cut-growth resistance 

High durometer hardness 

Low shrinkage 

Easy release 

These properties help provide long 
mold life, highly detailed reproduc- 
tions and simplified handling. 

Silnstit J RTV Silicone Rubber base is 
white and its curing agent is green to 
aid inspection for uniform blending. 
A ratio of ten parts base to one part 
curing agent is prwided for easy mixing. 

S&J R W  Silicone Rubber is an 
ideal electrid/electronic material 
for general potting and encapsulating 
of modules, rekys, power suppliers, 
amplifiers, transformers and 
COmtCton. 

HOW TO USE 
f ~ i ~ a r a t i w  
Certain contaminaats sometimes used 
in moldmaking operations can prevent 
SifarticJ RTV Silicone Rubber from 
curing. Patterns to be molded should 
be thoroughly deaned to remove grease, 
oil and other surface contaminants. 
Care should also be taken ta ensure 
that corners, crevices and draws are 
frce h m  d h  or particles of foreign 
m a w .  A light "blow over" with com- 
pressed air is advised when the pattern 
has convoluted draws or undercuts. 

Then the original model or pattern 
should be placed in a light frame of 
cardboard, foil, wood or other mate- 
rial. There should be approximately 
1/4-inch clearances on all sides and 
over the top of the pattern. The pat- 
tern should be attached securely to 
the bottom of the M e  so it does 
not float. 

A pattern release agent should then be 
wiped or sprayed on the partern. A 
light coat of release agent on the sides 
and underside of the top of the h e  
will facilirate release. 

Addition of Curing Agent = 
Automatic mixing equipment handles 
S i h i c  J RTV Sicone Rubber &- 
ciently. The product is deaired before 
shipment when packaged in drums.  

SilasticJ RTV Silicone Rubber cuing 
agent should be mixed into the base 
mawrial just before use (with either 
manual or  mechanical stirring) in the 
amounts of sen pans base to one part 
curing agent by weight For best curing 
results, use metal cans, clean ghware ,  
or unwaxed paper containers when 
mixing the base and curing agent 
Lndmion of air may be removed by 
appiying a vacuum of 28 to 29 inches 
of mercurg. Under such a vatumi, the 
marerial will expand to three to four 
times its original volume. As tbe froth 
collapses, the mixture will recede to its 
original volume. The vacuum should 
be held one or two minutes longer 
before releasing. 

Pressure casting arty be substituted 
with equal success. 

WorEqTime 
SilarficJ RTV Silicone Rubber remains 
a flawable, pourable materid for two 
hours after the curing agent is added. 



c- 
The cure of SilasticJ RTV Silicone 
h b b e r  occurs by a reaction between 
the base polymer and the curing agent 
Polymerization requires 24 hours after 
the addition of h e  curing agent at 
room temperam. This material will 
not revert or depolperize, even under 
conditions of elevated temperamre 
and confinement Vulcanization can 
be accelerated by heating the catalyzed 
material. However, this will  increase 
the shrinkage from niI to 0.3 percent. 

Vulcanization will not be accelerated 
. at the center of the piece until the 

entire mass has reached the elevated 
temperature. 

m i t i o n  of Cure 
SiInrlicJ RTV Silicone Rubber is for- 
mulated to have greater resisrance to 
inhibition. However, localized inhibi- 
tion of cure may be encountered at 
the interference when SilasticJ RTV 
Silicone Rubber comes in contact with 
certain contaminants during the curing 
process. Among materials found to 
cause inhibition are sukr-containing 
and organometallic saltxonraining 
compounds (such as organic rubbers), 
and condensation m e  RTV silicones. 

Surfaces previously in contact with any 
of the above materials may also cause 
inhl3ition Ifin doubt, test for cornpat- 
ibiticy by bnrshiag a mnall amount of 
catalyzed Silastic J RTV Silicone Rubber 
o m  a Iocalizcd area of the surface to 
be reproduced. Inhibition has occurred 
if the rubber is gummy or uncured 
after rhe curing period has elapsed. 

IJMlTATIONS 
Not intended for medical use. 

TYPICAL PROPERTIES 
These values are not intended for use in preparing specifications. - 

As Supplied 
d 01 76 Appearance, base ..................... - .... ...... ........ .... ..............---..-........... White 

cuing agent ............................... ., .............. - .................... Dark green 
Base to Q h g A g e n t  W n g  Ratio, by weight ..... .. .................. ....., ...... ..; 10:l 

As Catalpti 
CTM 0176 Appearance .,..- .......................................... ...... .... .. .................- ....-.. .... Green 
CTM 00.50 Viscosityz at 25OC (77"F), poise ....... , ..,,............. .,......... ...... 900 
CTM 0092A Snap Tune' at 25OC (71PF). h o w  ...,-,,,................................--........... 3 
CTM 0092A Cure Time4 at 25°C (770F). hours ..., ....,............................ . .. .......... 24 

As Cured - Phyalcd Pm*5 
CTM 0099 Duromcw Hardness, Shore 4 points ......... --.., ...................... ,... .......... 56 
CTM 0137A TcnsiIc Smngth, psi.- ........... .'.., ........ -... .............................. - ....... .. . 900 
CI'M CU37A Elongation, Die C, percent ., .... ,....,-.., .....-.. ..-.. ...... - ....... . .  . 250 
CTM 0159A Tear Strength, Die B. ppi ...- ...... -,..- .... , ..... --- ........ , ........ -..-.-.-..-. 90 
CTM 0022 Spcdfic Gravity at 25'C (77°F) ............. -..,,,--.-.. .............. ........ ........ .. 3.26 
h M  0157 Linear Sfiriak ...........................,,............ -......-..... ............ - ........ Nil 
CTM 0137A Tensile Smngth at 350 percent Elongation, psi ........... -.....-...., .... -... 610 
CTM 0224 Thermal Candu&ty, Cal-an/sccanl/"C ...................... .........--.. 6.2~10" 
CTM 0585 Linear CodEcient of Thermal Expansion. 

-/an (2d220°C) ..................................... ,.. .............................. 3.1~10" 
Electrical Properties6 
CTM 0114 Dielcceic Srrcngth, voln/mil .,........,............... .. ............................. 590 
CTM 011 2 Diclccnic Consant at 

100 Ht ...................................................................... . . . .  2.94 
. .  .... 100 kHz .,....,...................................................- - . .  2.79 

ClM 01 12 Dissipation Factor at 
.....*.......... .... 100 Hz ............................... .., .. ..................... 0.0152 

....... .......... 100 Wlz .,..,.............. - .... .................. . . . .  0.0040 
CtM 0249 VoIume Rcsiscivity, o h m a  ...........-..,........--...... , ............--- .+.5.15xlO1' 
ClM 0249 ARC Rtsistancc, seconds .........,,..,,..-......-.. ....-.. ....... J............. 126 
'CZMs (C0rpor;lte Test Mcrhodr) conapond & sundard ASIM m u  in most insrsnccr. Copies oitX?d 
arc avdable upon request. 
'BrooLticld IGscornem Mo&l HAF, spindle d 6  at 5 rpxu 
'Timc rcqufrcd to become nodowable. 
4 h c d  on sample mus of one cubic inch. ' 
'Based on ample thickners of 125 miis. curcd 24 houn at 25°C (77°F). 
'Bzsed on sample M c k n a s  of 75 mih, cured ant hour at I50'C (302'F). 

Specification Writem Please obbh r copy of tho Dow Coming Saleti Sperification for . 
this product and use it as a basis for your spccifimtions. It mmry be obtained fmm any 
Dow Corning Sales Ofhoe, or from Dow Corning Customer Semite in Midland, MC[. 
CdI (517) 496-6000. 



STORAGE AND SHED LIFE 
. Silartic J RTV Silicone Rubber and irs 

curing agent should be stored in closed 
containers at or below room tempera- 
m. The materials have a shelf life of 
six months from date of shipmenr 

PACKAGING 
SiInsric J RTV Silicone Rubber is 

1 supplied with Silarlic J RTV Curing 
Agent in matched-lot 1.1-, 9.9-, 49.5- 
and 495-1b (05 ,44 ,22-  and 224kg) 

t kits. All weights are net  

' SAFE HANDrnG INFORMATION 
PRODUCT SAFETYWORMATION 

I REQUIRED FOR SAFE USE IS NOT 
INCLUDED. BEFORE HANDLING, 
READ PRODUCT AND MA- 

1 SAFETY DATA SHEETS AND CON- 
I 

TAWER M E L S  FOR SAFE: USE, 
PHYSICAL AND HEALTH HAZARD 

1 INFORMATION. THE I k K E R U L  
SAFETYDATA SHEET IS AVAILABLE 

I FROM YOUR DOW CORNING REP- 
RESENTATIVE, OR DISTRIBUTOR. 

I 
I OR BY WIUTING TO DOW CORNING 

CUSTOMER SERVICE, OR BY 
CALLING (517) 496-6000. 

LTMITEDWARRANTY- 
PLEASE READ tXNCFULY 
Dow Corning believes that the infor- 
fnation contained in this publication 
is an accurate description of the typical 
characteristics and/or uses of the 
product or products, but it is your 
responsibility to thoroughly test the 
product in your specXc application to 
determine its performance, efficacy 
and safety. Suggestions of uses should 
not be taken as inducements to 
infringe any pad& patent 

Unless Dow Corning provides you with 
a specific writ~en warranty of fimess for 
a parti& use, Dow Cardmg's sole 
warranty is that the product or 
products, as supplied, will meet 
Dow Corning's then current sales 
specifications. DOW CORNING 
SPECIFJ-Y D E W S  ANY 
OTHER EXPRESS OR IMPLIED 
wARR~NTY, INCLUDING TEE 
WARRANTIES OF MERCEWNT- 
A 3 l U l T  AND OF FTI'NESS FOR 
USE. Your exclusive remedy and 
Dow Corning's sole Wiry for breach 
of warranry is limited to refund of the 
purchase price or replacement of any 
producr shown to be other than as 
warranted, and Dow Corning expressly 
disdaims any liabiiey for incidental or 
consequenriaI damages. 



Dow Corning Corporation 
Midland, Michigan 48686-0994 



Informa 
SiMc @ 

Silicone 

Twmpart silicone rubber 

Phy6cal Form 
- As Supplied 

Pourable fluid 
- As Cured 

Firm, flexible rubber 

Cure 
At room temperature within 
16 hours or heat curable 

Special Features 
High inhibition resistance; 
formulated to work with both 
rigid and foam polyurethanes; 
good cut-growth resistance; 
high durometer hardness; 
low shrink 

Primary Uses 
Prototyping, architectural, 
furniture components 

.tion About DESCIUPTION 

M RTV ~ilastic' M RTV Sicone Rubber is a 
two-pan, flexible moldmaking mate- 

Rubber rial designed especially for use with 
urethane foams and other casting p b  
tics. This highs~ength, tear-resistant 
product cures at room or el-d 
t e m p e r a m  by an addition reaction. 

Thc special features of Silariic M RTV 
Silicone Rubber help provide long . 
mold life, highly derailed reproduc- . 

tions, and simplified handling. 

Silaslic M RTV Silicone Rubber base 
is white, and its curing agent is regal 
blue to aid inspection for uniform 
blending. An easy to mix ratio of 10:l 
base to curing agent helps ensure 
accurate measuring and blending by 
hand or machine. The material CUT- 
in unlimited thickness, regardless of 
part configuration or degree of 
confinemenr 

HOW TO USE 
PHttern Preparation 
Certain contaminants used in mold- 
making operations lsan prevenr SiIastic 
M RTV Silicone Rubber from curing. 
Patterns to be molded should be 
thoroughly deaned to remove grease, 
oil, and other surface contamjnan~~. 
Care should also be taken to ensure 
that cornus, crevices, and draws an 
free of dirt or panides of foreign 
matter. A Light "blow overn wirh com- 
pressed air is advised when the pantrn 
has convoluted dram or undercuts. 
Then, the original model or pattern 
should be placed in a light h e  of 
cardboard, fo5  wood, or other  mat^ 

riaL There should be approximately 
5/8inch d e m c e  on all sides and 
over the top of the pattern. The 
pattern should be attached securely 
m the boaom of the h e  so it does 
not float 

A panern release agenr should then 
be wiped or sprayed on the pattern. 
Spreading a light coat of release agent 
on tbe sides and underside of the top 
of the frame will fadlitate release. 

A good pattern release agent can 
be made by combiningfive percent 
petroIeum jelly and 95 percent sol- 
vent Combine the materials and let 
scand overnight - then shake by hand 
to provide a good mix, 

Addition of Cnring Age& 
Automatic mixing equipment handles 
SWic M RTV Silicone Rubber e£E- 
aently. The product is deaired b8ore 
shipment when packaged in dnuas. 

Silartic M R W  Sicone Rubber curing 
agent shodd be mixed into the base 
material just before use (with either 
manual or mechanical stirring) in the 
amounts of ten parts base to one part 
curing agent by weight For the best 
curing results, use metal cans, dean 
glasnvare, or unwaxed paper contain- 
ers for mixing the base and curing 
agent. Jnclusion of air during mixing 
may cause voids in the kished mold 
Entrapped air may be removed by 
applying a vacuum of 28 to 29 inches 
of mercury. Under such a vacuum, rhe 
material wiU expand ro three to four 
times its original volume. As the froth 
collapses, the mixture will recede to its 
ori@ volume. The vacuum should 
be held one or two minutes longer 
before releasing. 

Pressure casting may be substituted 
with equal success. 



Working T i e  
Silattic M R?V Silicone Rubber remains 
a flowable, pourable material for 1 1/2 
hours after the curing agent is added. 

curing , 

The cure of S h t i c  M RTV Silicone 
Rubber occurs by a reaction between 
the base polymer and the curing agent 
Polymerizauon requires 24 hours after 
rhe addition of the curing a p t  at 
room ternperawe. This marerial will 
not rcvcrt or depolymerize, even under 
conditions of eleuated t e m p e m  and 
conFrnemcnt Vulcanization can be 
accelerated by heating the catalyzed 
material. However, this will increase 
the shrinkage from nil to 0.3 percent 
A pan 1 /Kn& thick will set up within 
30 minutes if the temperature is main- 
tained at 150°F (65°C). The rate at 
which thicker sections will set up 
depends on the size and shape 
of the piece. 

Vulcanization will not be accelerated at 
the center of the piece until the entire 
mass has reached the elevated tempera- 
hue. Average set-up times at various 
temperatures for l/4hcb moldings 
are as follows: 

Temperamre D l 2  
77°F (25°C) 16 hours 
125°F (52°C) 60 minutes 
150°F (65°C) SO minutes 
200°F (99°C) 15 minutes 
250°F (121°C) 7 minup 
300°F (14BC) 5 minutes 

Inhibition of Cure 
Silnstic M RTV Sicone Rubber is 
formdated to have greater resistance 
LO Inhibition. However, Iocalized in- 
hibition of cure may be encountered 
at the interface when S i h i i c  M RTV 

TYPICAL PROPERTIE 
These values are not intended for use in preparing specEcations. -. 
As Supplied 
Appearance, Base .......-.,,........................................................ --... -.........., . . .  Whirc . . 

Curing Agent .......-.. , .................. -... ......................................... ........... Regal Blue 
Base to Curing Agent Mixing Ratio, by weight ...................,................................. 10:l 
Base Viscosity at 77T (25"C), poise ..................................................................... 1300 

As Catalyzed 
...................................................... Appearance .......................................... Regal Blue 
........................................ .................... Viscosity' at 7 7 T  (2S°C), poise .,.......... - , .... ..-. 900 

......... Cure Timez at 77°F (25OC). hours , ............................................................. 16 

Durometer Hardness, Shore A; points ................................................................ 59 
Tensile Strength, psi ...,.., ...-....... , ..................................................... . . . . . . . .  650 
Elongation, Dic C. percent .--..-...... .. ...........-.......,........-............................--.--.- 250 
Tear Strength, Die B, ppi .....,........................................................................ ... 90 
S p e d c  Gravity at 77°F (25°C) ...,,.., ........................................ ............ . .  129 
Linear Shrink .-.......... , ..........-..-..-...~.-.......................................................... .... Nil 

lBraoldicld Viscomcter Model HAF, spindle 16 ar5 rpm 
' b e d  an m p l e  mus of one cubic inch 
'Baed on sample rhicknms of 125 mils, cured 24 hours at 77°F (E'C). 

SpeciEitation Writers: Please obcPin a copy of the Dow Corning SaIes Specification for 
this product and use it as a bPeis for your ipedEications. It may be obtained from any 
Dow Corning Sales Office, or from Dow Corning Customer S d c c  in Midland, MI. 
CaU (517) 496-6000. 

Sicone Rubber comes in contact with LIMITATXONS 
certain contaminants during the curing 
process. Among materials found to 
cause inhibition are suhiuconraining 
and organometallic saltcontaining 
compounds (such as organic rubbers). 
and condensation cure RTV silicones. 

Surfaces preiriously in contact with 
any of the above materials may also 
cause inhibition. If in d o u b ~  mt for 
comparibiry by brushing a smd 
amount of catalyzed Silariic hi RTV 
Silicone Rubber over a Iocalized area 
of the surface to be reproduced. In- 
hibition has occurred if the rubber is 
gummy or uncured a h  the curing 
period has elapsed. 

Not intended for medical use. 

STORAGE AND SfIELF LIFE 
SilaFiic M RTV Silicone Rubber base 
and curing agent should be stored in 
closed containers at or below room tern- 
perature. The marerials have a shelf life 
of six months from date of shipment 

PACKAGING 
Silastic M RTV Silicone Rubber base is 
suppfied with Silastic M RTV Sicone . 
Rubber curing agent in matched lot, 
1.1.. 9.9-,495-, and +9Mb ( 0 5 ,  4.4, 
2%. and 224-kg) kits. All weights net 



SAFE HANDLING INFORMATION 
PRODUCT SAFEWINFORMATION 
REQUIRED FOR SAFE USE IS NOT 
JNCLUDED. BEFORE HANDING, 
READ PRODUCT AND MATERIAL 
mn DATA SHEETS AND CON- 
TAWER L4BET.S FOR SAFE USE, 
PHYSICALANDHEALTHHAZARD 
PH OW TI ON. T E E  M A W '  
SAEEWDATA SHEET IS AVAILABLE 
FROM YOUR DOW CORMNG REP- 
RESENTATIVE, OR DEIKTBUTOR, 
OR BY W'lUIlNG TO DOW CORNDIG 
CUSTOMER SERVICE, OR BY 
C W G  (517) 496-6000. 

LLumnmwARRANn- 
PLEASE READ CARlSWXY 
Dow Corning believes that the infor- 
marion contained in this publication 
is an accurate description of the typical 
characteristics and/or uses of the 
producr or products, but ir is pour 
responsibility to thoroughly test the 
product in your specific appIication to 
derermine its performance, &cacy and 
safety. Suggestions of ~lses should not 
be taken as inducements to iufsinge 
any parricular patent 

Unless Dow Corning provides yon with 
a spc&c written warranty of fitness for 
a particular use. Dow Corning's sole 
warranty is that the produa or 
products, as supplied, will meet 
Dow Corning's then current sales 
spedfications. DOW CORNING 
SPECJXXAUY DISCLAIMS ANY 
OTHER EWRESS OR fMPLED 
WARRANTY, INCLUDING THE 
WARRANTlES OF MERCHANT- 
ABILITY AM) OF FlTNEW FOR 
USE Your evd~ l s~e  remedy and 
Dow Coming's soIe libificy for breach 
of warranty is limited to refund of the 
purchase price or replacement of any 
produa shown to be other than as 
warranted, and Dow Corning expressly 
disclaims any Liability for incidental or 
consequential damages. 



h Grrin~zsd ~~~ regktcrcd mdcmark d 
Dow Corning Curpmufon. 

Dow Corning Corporation 
Midland, Michigan 4868E-0994 



Information About 
High Technology , 

Silicone Materials 

DESCWPTION 

Encapsu1ant.s 
DOW CORNINGB 3110.3i12 and 
3120 RTV rubbers are pouable rubber 
bases thzt become firm, flexible 
siiime rubber wtten cured. They can 
be pigmented for color c&hg' and 
cured with any of four catalysts. The 
cured rubbers exhbii good diekctic 
properties. and various combinations of 
base and cataiyst allow a wide range of 
working 3mes and curing rates tt.tat 
saslsiy -atly all po*. Ebaring 
and moldmaking needs. 

These RTV rubbers: 

Are easily mixed and poured, mou laminates or moldings. 2nd to polymer. A f O:t recanmiended mixing 
preheating wleanized silicone rubber tatio zssufes more ixmrate measuring 

DOW CORNING@ 31 10,3112, AND 3120 
R W  RUBBERS 
Type .-,, . - . .  - . , -  - - . . - T ~ p a n  KN Nbber 
Cofor 
DOW CORNING 3110 and 3112 R l V  rubbers .,,,,.White 
DOW CORNING 3120 RTV rubb e r . . . . - . - .  - - ,  Red 

Phys id  Fotm 
. . - . . . . -  - . . - .  .,-. P d e  liquid 

as cured -.-..,,.-..,,. .. --..-.--.-.-.--.---.. Fim. fWle dicone rubber 
Cure . , , , . . . . . . , -  -..-At room temperanrre: e h o i  of four 

cai&sfs offew a r e  times ranging 
hPm 12 minutes to 24 tiours 

Rirnary Uses -.,--,,..,,..,-.--..-- Potfine and e n e g  of elemidfekasmk 
products: moldmaking KIV rubbers 

- - Cure at room temperature 

- Cure in any thickness without 

r Provide wide service temperature and mixing of caE@sL partiwhfy 

mges when automatic equipment is used to 
mu andlor d i m e  the RTV S~cane 

exothermic heat e Protect components from moisture. rubber." Do nor use DOW CORNINGc - Shrink liie during cure: produce dk CfXOm. W€%lhering and CO~osiVe ,-my= s or F wfien molding 
minimum saess on cornpone- atmospheres p o w e r s  because they wilT be 

Give accurate reprodudon of rnmers Absorb rn&.anical shock and DOW CORNING" KIV 

for moldmaking vi5ntion caa4ysrs 1 and 4 do  not have corrosion - Are ezsy to repair by artting sway old inhibitors. 
Wrth primer. c2n be 5onded to metal, 
w. niicone and organic resin mmerial and repouring fresh 

enc2psulant 

=tern DOW COWING 3720 RN -r wllid: n e  paSfe can* of active 'A 10:: ratia is m m~mmen& for 
isred:ass~3(ied cmiysts plus filler and silicone DOW COWG m c. 

Catalyst Calor Consistency Cure Time Cure Conditions 
- -- 

F (fan rate) light tan P a e  12 min-5 hrs room remperafure - any 
thicIcness or in confined 

w c =  

S (standard rale) fight blue paste 5-12 hrs s a m e a s F  

1 (same zs S but no o o m . o n  inhibitor) 

4 (fast me. 
700:l &o) deu slraw tiquid 20 mm-2 1;2 hrs same u F 





TYPICAL PROPERnE!3 
T h e s e ~ ~ a r e n a t ~ f o r u s e m p r e p a r f n g s p e t i F I e a t i a n s  

DOW CORNING DOW CORMNG DO W W R M N G  
3770 RTV 3712RTY . StaDRN 
N b m  i r r b w  * nmeFJ 

Processing c o ~ ~ ~ f - ~ f l s  
h - . -  Whitem Whitem. Red 
Deep Section Cure, 

1 " ~ m m e t a l c a n  ,.-.. .-..,.. Yes Yes Yes 

Recummended Primer ,--- - ..--- 120F 12OlL1: -1 201- 
AslnnD10848 V i a t 2 5 C  VF), poises ,.---. 7413 350 250 
ASIMD792A SpecificGraviryat25Cf7F) ,. 1.17 1 3 5  .1.47 
MIL-S23586 Corrosion R&ce -,--.,..- GoodPas"' . G- (300dlPasS-7 

P h y s h f  and Chemid Frapedks 
-.cam60 

Same, 25 C (i7 F). megarads . . . -  7 0 0  
ASfMD5m Water Absorprion 7 days at 

25 C (77 F). ,.--- -,- 0.4 
U&I Tempeatme Range. degrees - .  -55 to 200 C 

24200 c ~ - 2 t i ~ ) .  gm c a ~ ~  
sec-(degees Clem) - ,  5.0 x 1 CP 

MIL-1-1 6923C 'Thermal Shodc, 10 c y c l e s . -  P a s  
WeigM LOSS, 96 hrslMO C 

( 6  
Vdume !2gambn. 25-1543 C 

(77-302 F), ec/ccl- C 73 x 1 W 
Specific Heaf caV*c - 0.35 

ASTM D 746 Brittle Point - .  -1W C 
(-143 f l  

Fne R - .  - -  m- 
wtlisbing 

6.0 x 1P 7.7 x 10' 
Pass Pass 

-- 
ASTM D 412 Te#iiSm@l,dieCpsi - . .  3f0 650 650 
ASf%l D 412 .Ebn@on,dieC percent .,-,.-- 200 1 5 0  100 
ASlM D 2240 D~!r~ln&r Hardms, Shore A 45 60 60 

Linear'Shrhkage, 3 at 
25 C r/T-F);p€lcEmt-- .. . . . -0-4 0.4 83 

E k & e l P m ~  
ASTMD495 Arc Resistance, semnds --. 90 125 125 
M l N D 1 5 0  ~ ~ a t 2 5 C C n F )  

100 Hz- 800 320 Z00 
1 KHz-----* - -  - xm 
1 MHz-- 250 3.70 . 3.70 
1 G W  2 8 9  295 3.50 

A!3TMD150 OissipationFaUor.at25CQ7F) 
100 Iiz -0.012 0.030 0.030 
7- ~ O l  0 0.015 0-020 
1w -*-. 0.- O.m 0.005 
1 G&.,-. - - - .  0.006 0-OQ5 0.004 

AsT?vlD 149 Dieledrir S r m m ,  ln6- sample, 
1 --- -.-.,, "so0 so0 m 

ASiM 0 257 Volume Resisfivity, 
~ 0 0  v dc. o m  ..-..--,-,... LO x 1013 1.0 x 1oT3 5~ 10" 

~ ~ D Q W ~ K I V c n a i p t F a S a r l L % l  b s e r n ~ r a r i D . W r l e ~ t r a m ~ ' I O 3  r ; l r b m a y s f i g r m y a D e r m p q ~ ~ & s r h a ~  
m d n e s s ~ ~  
mcante-fae- 
CpDoWtGFFWG"l2m RTVpina- 
~ M I W C O R h P N G A T V ~ S ~ F .  

~ W r i t e r s s ~ ~ D o * r C o m i n g C M p a r a t i o n , W h d , M ~ b e f o r e m i t i r r g s p e c Z f i e a t i o m m  -- 



TABLE It: TYPICAL ELECTRICAL PROPEmES OF DOW CORNING RTV RUBBERS 

WOW 70 USE rate as indicated in Table 111. "Room DOW CORNtNG RTV matyssS and 1 
Repamtion of Units. Tempera~e Curing Rate vs. Caaiyst . contain dbuy! tin dkudet- u their 

Concentration.- active ingredierd These are wide4 

to metals. gbss. si[iame and organic 
wxl ELmtysk because they pernit. 

where fast curing is necessay for mnnrtes working time. 
resin laminates or moldings. or tn 
vufcanized snicane rubber. To - m e  p " m r  *Ids, ne CAUTfON 
maximum r~~ and complete mixtng ratio k 700:l. Upcn coma& DOW CORNING 
envirunmerrtal proWon,  the fdlowing DOW CORNING RW cady-s~ F catalysfs F and 4 will i W  skin and 
procedure shouid be folkwed: corn m o u s  octoa- as eyes. DOW CORNING S and 

7. Clean asembfy of all cordaminants 
such as oil. grease. sdder flux, 

' 

moishne and dirt Suitable deaning 
solvents indude toluene. xylene, 
a m n e  and Ruo&on sobem. 
U h s ~ n i c  deaninq is most effective. 
CaIJaIJaun: When h g  so- p$cle 
ad&&@ vent&W?. FolIow al7 
p m o n s  given on solvent canlainer 
w 
2 Dip. spray or bnsh surFaces w%b 
DOW CORNING 1201 FKV primer and 
allow .to air-dry. All sobent must be 
removed before pom'ng- SiGeone rubber 
smkms !should rwt be primed, but 
should be deaned and abraded. 

Catalyst *-on 

DOW CORNING RTV F, S 
and 1 are paste caMpB cdmikhg of 
an organometaiIic armpound and 'mrt 
fillers in 2 siiicone polymer. The mast 
tresuerrtfy=d-~- 
i s 1 0 p e r c F n t b y w e - ~ o f t h e m  
base. varying the 
rmtmmSirn will change the curing 

ingredia and Is used for high speed 
productibn. 

It is id- suited for w e  with 
atrtDmatEd mixingdispensing 
equipment W e  ttze mixkg is done in 
a m b g  head -irmhxWety before ~ - ~ g - W o ~  glimewith-lo- 
percentofttriscataystisabout1m2 
rrdnms. DOW CORNING KIV a a y s i  
Fwiniaseitsaetivitympidlyv&n 
exposed to air. Keep cmJpt  
containers tighUy d-ed when not m 
use. 

When using W W  CORNING R'N 
cztaiyS F in conwrrtrariorts less that 10 
percent incomplete cure may wtt ori ' 

exposed to air. Contined 
~ ~ c u r e ~ l a t l o w ~  
c o n c e M % .  

t will bum skin and eye.. In case of eye 
eontad, Rush with war. Seek prompt 
medid atrention. Skin mntaet areas 
shoutd be .ttroroughly washed with soap 
and water, Persistent imitation should 
mteive m e  atknfion. 
m*-Vw 
These rubbers can k made mwe 
pourable by aWmg POW CORNING" 
200 fluid (20 cs) to the compound just 
priOrm catafyst addition 

Addirion of siIicone fluid thitiner win 
Bdend wt I77 and crsing ihe of RTV 
rubbers Fm percent thinner. for 
exampie. will the pd T i  by 
about 30 percent and the cure .time by 
abwt10 percent 

Ten percent DOW CORNING 200 fluid 
cpa& reduces the viscosity 6f the 

-Avaihbk in wm?nUZM form as 
7 k m d i t e l Z f r o m  M & T C k m k &  
C o w  uahmy. New . h e y -  



DOW CORNING 3170 R7V rubber Working 
Tiinem Pot Life 

15%C&atystF ,,.,.-,,.,---.-----...-- 1 min 10 min 
10%WalystF ?fin a 25 min 
5% Walyst F. . - -  ......,... 13 min 65 min 

15% C&a@t S - - - .  ,---,,...,.. 35 min 2hrs  
10% Caialpt S ....,-.,.., -..,,,-, 50 min 2 112 hrs 
5% Walyst S . . . , , - . -  80 min 41l2 fus 

. . . CvreTrmP 
1 712 Rrs  
2 hrs 

t 4 '112 h r ~  
5 3/2 hrs 
6112hrs 
8 I f 2  hrs 

T ~ P  - pot Lifem cure 7imea 

15% F,,, 1 min 30 rrdn 2hrs 
10% Catatyst F -,.,..... 1 rnm 7 hr 5 hn 
15% CaWpt S ...- , , .  40 rnin 2 1/2 hrs 5112hrs 
10XmatySS . , . _ - -  45 rnin 3hrs . 6  hrs 
5"/0maly!zS . 8 0  rnin 5 1 1 2 k  7 hrs 

~ ~ o ~ t i m e i s t h e e ~ p s e d h e f n a ~ a d d t k n  tothe w i r h d r a w i n g i t w h e n ~ s n i n g o f ~ ~ m t h e  
t i m e ~ e n 3 h ~ l t i p l ~  m. -. - mqsbetombeing.withm.gnein~h-theend-ofm*-- 
[Measured 825  C 177 RI- p a  Iife has been reached ihleasured at 25 C (77 F)]. 
=Pot Re is me time required farthe catalyzed mixnrrem cease %uretimeisthetimeforlhe~ encapsutantr~ re& 
beingaflrridIt!srneaarredbydepessingIhetipo:a one-haIf of 2s nominal: h m h s .  k3ured at 25 C (77 F)j. 
~ c h m i E I b s p a r u f a b e k n v t h e ~ o f t h e ~ a n d  

mrnpoundandislhehum 
remmmended. At this mncenaahion 
only mall  changes in physical 
properties are measured. m e  
a m o m  of Ruid. however. can lower 
the physical properris of the cured 
encapsulam Electrical properties are 
not adversely affected but thermal 
endlrrance may be decreased. 

Krxing 

DoW CORNING 31 10,3112 and 312U +-. ?!@ .D?W C.o.!?!![NG 
~ ~ F . S o r 7 . h a v e ~  
designed specif iw for use with ' 
arnomaric mixing and dispensing 
equipment 

DOW CORNING 31 10 RTV rubber 
should be stirred before using, since 
fiaer -on may occur upon 
prolonged slandhq. 

Catafystscanbeaddedtothebase 
material in its shippi container or any 
dean, dry comaher. tf  cum daring 
is ptanned. the comaher should be ria 
more than one-fialf full to AIow for the 
&on during the vacuum cyde. 

Either hand mixing or mechanical 
miring is satisfaaory. Wm eWer 
m t h d . m s h o u l d  belaken not to  
whip brge amounts of air into tfre 
mixture. Avoid vigorous medmid  
m'crjng sime svffiamfridtional heal 
may be gemmed to acodemte lhe 
urre me. 

Vacuum deaiting may not be 
n e c e s s a r y . p a r t i m ~  
DOW CORNING 3710 RTV rubber. 
When it is necessary. 3 shoutd be done 
firs$ in the mixing container. A ~ a r r ~ m  

of at least 29 m&es of mercury should 
be held untii most bubbling has ceaed  
Far bsI resuks. the mkhe should be 
marurn deaired again after it has been - 
poured in place, especidty when 
densew packed circuit componerhs are 
being patted Far impregnation of units 
such M-a-cyscan as coils or rransformers. befoKed-6- the 

appiidon of 10 to 50 psi air pressure. 

!%ending Pot Lac 

Rte pot life of DOW CORNING RTV 
lubbers czzaped with 10 percent 
DOW CORNING RIV c&dyasS and 7 
can be extended by refrigeratian as 
to-: 

~PPWng 
In pothg witb DOW CORNING KW 
rubbers. !he part or a s m b i y  m be 
p- is ptaced in a form with 

dearance at all points where swmg is 
neceaary. fhi form may be made of 
paper, alumInom foil. metal or p W c  
For release agent, a percent 
detergent solution in wa&r is normally 
satisfaceory. This release agent is 
a p p W  b toe fm and anowed to dry. 
DUW CORNING RTV rubbers are then 
poured into the forms. 
For fast and complete Wig, a 
k l v + ~ * s u d l a s  
DOW CORNING 31f 0 RlV rubber is 
~ r n m e d e r i .  eri. - -, 

Where printed &cu% boards and similar 
assemblies are to be dip c a w  select 
t h e ~ g d e ~ w i l l g i v e t b e  
dziired amling ihickness. To apply 
DOW CORNING RN rubbers as 
conformal coarings, immerse parts m 
the cmfyzed compound, w3hdmv 
them sfowfy, pausing just before llie 
parileavesthecfrptanklorninimiire 
singing, and hang on a rask to cxrre. 
A l r o w o n e t o t w o ~ m ~ d i p s .  
Twbdipsinalow-vkcosiVe 
encapsufant are suggested for optimum 
protection, 
For maximum of mid-free 
po.rting, a  arum greater than 29 
i n c h e s o f m e ~ k ~ ~ ~  
f a c l i e  lwnoval of air. 

CoIor C d n g  

DOW CORNlNG 317 0 arid 3172 F T V  
rub- can be d i b  color M by 



mixkqin masterbatchpigments.These 
should be mixed tiito me base material 
in proper propom'on just prior to adding 

Famen different colors, available 
from the Fern Carporation, have been 
tested and found to have M e  or - 
no effect on the properties of 
DOW CORNWG RTV rubbers when 
r t s e d i n a c o n e o f m p e r c e n t  
by weight The manufacanw's 
*gnation for these pigmen& are 

V-1747 ,,---,fUadt 
V-52- . W h i t e  
V-7721,----- E m  '=ray 
V-1722 ,.----- Dark '=ray 
v-68 ,-,--- ,J.uuminum 
v-53 , .4 l tnninum-Broree 
V-a76 -.. Red 
V-7 2 3 2 , , , , - R l u e  
v-2608 . , - - - G r e e n  
V-7936-.,..,,, zu-J&~- 
V-26% .,.,,---,,, Ttnqu- 
V - 1 , . , , , R &  Brown 
V-7 107 , -  2 r a w n  
V-f 105 .,,.,-,.,,,..Buff 

i f t e R W ~ s h o u k i b e c u r e d a t  
1mperamrangingfFom23to38C 
(73mrUOF)forstandardarreIam* 
For ~~ cure a1 base and 
catatyst wmbmaions can be heated. 
However, to avoid incomplete surface 
are when heat accelerating 
DOW CORNING atafVsts S and F. 
ternpemures above 80 C (I40 I=) 
&wid  not be used rmless the 
cwmpamd is malty endosed in a mold. 

Curing&-&-a funciion dremperahrre 
and humidity. Craing t h e  41 irmease 
atrer;tperahrtesm23c(73~). 
AtthwghtheRTVnrbbersare 
f o m u k e d t o t o m d r y d r y .  
as bw as 20 percwR r W e  h d i ,  
expasueto high fitrmiditywitendto 
deereasearring* 

DOW CORNING 31 ID. 3112 and 3120 
RTV rub- rigy depolymerke when 
overheated in ma! ccmtlnemm To 
mhiimire.thiS~@ngswhj& 
mustopememtcrt2iconfrnemerrrar 
~edtwnpemmesmttstbegivena 
gadtratedposteurewtrichallows 
Mtatiksmeseape.Duringthe 

grad& posl cure, the ternperaMe 
sfiould be increased 
25 C In F) per hour depencfing upan 
lhicbessof putted s a i m  Afrnal bake 
a f f o u r h w t r s a t a ~ 5 0 C  
(122 F) degres b e  the maximum 
operatingmnpermreaftheckvkek 

To reduce the -tity of 
~ e h t k m ,  S Y L G A R D " m e  
elastomes may be used These 
poducts a m  by an addition reaction 
wfiid.1 libems novomik For 
l l x z d m n ~ U f ~ . a t  
-tEmperatures,- 
Dow Coming praducls are 
remmmendpd.Theydonotrequire 
p w t c u r e m a c f i i e v e ~ l e  
wf-- 

DOW CORNING 31 10.31 72, and 31 20 
RTV rubber; and DOW CORNlNG RTV 
~ S h O L l l d b e ~ i n  d d  
c o r r t a i n e r s . S ~ S E e 0 f ~ r u b b e r s  
andeatalyststs12rn~nthsfrom~d 
s h i p m e n t w h € ! . n ~ i n ~  
unopedconzaine~at23C(75F). 
halicases.lhse-sfiouId 
be mred at Femperahrres bebw 
32 C (90 FJ. 

DOW CORNING RN ntbberbases are 
supplied in I-. 1P. 50-, and 45O-b 
(.&. 45.224. and 2E-Q) 
coniainers..m_wei9ht 

CaWysts are not supplied with rubber 
bases, They must be ordered 
sepamdy. DOW CORNING Rn/ 
caaiysB S and I are stIppIied in 0.7-b 
(4-1 tubes and I-, 5- and 45-b 
(0-45,225. and 20Sq) 
net weight W W  CORMNG RnT 
c;rtahrst F is suppiid m 0.7 and 
3 x 1n-b (45- aM1 754-9) tubes and 
45-lb ( 2 0 s q )  conrainers, net weigtrt. 
DOW COfSNlNG KIV caalyst 4 i s  
srpptied m OBI - and (3.1 4b (4.5 and 
45-9) tubes. net weigic 

LISERS PLEASE READ 

The infOrmation and data mniained 
herein are b k v e d  to be -re and 
rdhble: however. it is lhe W s  
responsibiiity to detemhe s&alSry of 
rse- Since Dow Conring cannot )cnaw 

a u o f t h e u s e s t o ~ c h ~ p r o d u ~ m a y  

be put orthe conditions of use, it males 
no wanantjes concerning ?he fitness ar 
suitabiIityof its pduckforaparticutar 
use or purpwe. 

Y m  shwIdthororrghIytea any 
proposedmofmproctudsand 
wependerdly- -ry 
perfomtance in yo& application 
Likewise,Ethe~grmermwhMour 
p r o d r r d s ~ u s e d r e q ~  
governmental approval or deararrce. 
y o u m u s t ~ i t  

DowComirrgwarmnttonlythatits 
p t u c m s m w i l s ~ .  
ihereknowarrarrtyof lnmhmwii 
orfitresforuse. naranya t t rerexp~~  
0rimptiedwarranty.mTfies 
~ n m e d y a n d D D w C o m i n g ' s  
SalewaityisfimitedtDrefurrdofme . 
-priceor-ofany 
proehretshownmbebeottremrise~ 

~ c C o ~ ~  .- 
~ f o r i n c i d e n t a I o r ~ ~  
danqesofanykind. 

Sugges t ionsaf~shwklnotbe  
Qken asinducementst0 infringeany 
F=J.=- 



Information About HS II RTV 
- .  I # "  KI 

High Strength Moldmaking LY- 
Silicone Rubber Product Line 

DESCFllPTtON 

DOW CORNING* H S  I t  KIV high 
strength moldmaking Sicone rubber 
is a two-part, medimviscosity 

. silicone rubber. 

The DOW CORNINGB HS I1 FTlV high-- . - --- 

strength moldmaking siiicone rubber 
product line features DOW CORNING 
H S  II  RTV high strength moldmaking 
silicone rubber with three separate 
and unique cataiysts and a spec-& 
tftixotropic add'rtive: 

DOW CORNINGa H S  11 20-1 clear 
catalystr highest tear, low m'rxed 
viscosity 

DOW CORNINGQ HS 11 10-1 colored 
cxafyst lowest durometer, pink dye 
aids inspection for uniform blending 
and avoids pigment setthg 
problems 

DOW CORNINGQ HS 11 10-7 clay 
c&afysE excellent for curing against 
both ROMA'"' pfastilma and 
CHAVANT.?pIastelina days, green 
pigment aids 'kspedion fur uniform 
blending 

M3W CORNINW HS I1 thixotropic 
additive: a liquid additive that, 
when mix& with w e d  
DOW CORNING HS 1 RTV high 
strength moldmak'mg silicone 
rubber, converts the mixture to a 
norrRowable paste ideal for produc- 
ing skin molds, preferred for eco- 
nomic reasons or when a mold is 
required of a vertical object that 
cannot be removed from its position 

Benefits of the DOW CORNING HS II 
KTV high sbrength moldmaking 
silicone rubber product llne include: 

ExcelIerrt detail reproduction 

I DOW CORNINGm HS II  RTV HIGH STRENGTH 
I MOLDMAKING SILICONE RUBBER PRODUCT I 
1 LINE 
Type -...-..~..,.--,-,. Medium-vkosity. two-part ekstctrner 

-P~rm--,.--,,,,,,--- -.---,Paraabkliquid -. 
Special PropaJties ,,.- , -  Very high tear sbength and dongatton; 

excellerrt mold release 
Special Feahrres - . - - - - .  Three unique catalysts and a 

special t h ' i p i c  additive 
Primary Uses ..-.-,--,.,,,,, Highstrength. Rexible sicone rubber 

molcts: Wrication of mts 1 
Exceptional release characteristjcs 

Low mixed viscosity (easier to deair) - Low shrinkage 

Excellent tear strength - NO exOtherm on cure - Cure not sensitiie to inhibiion 

HOW TO USE -GENERAL 
To ensure maximum reliabil'i and 
pwformance, the following information 
should be read carefully. 

Preparation 

The original from'whicfi the mold is to 
be made should be thoroughiy clean- 
ed to remove di i  and all mnhm 
inarrts. When a solvent is used, care 
should be taken to ensure That it is 
compatible with the orighai, and suf- 
ficient time should be allowed forthe 
solvent to evaporate fuw. If required, 

. the original and the holding box 
shuuld be coated with a Wease agent 
mi is particulariy - m p o m  m 
porous s u ~ e s .  Suitabk release 
agen'k are solvent solutions of pam- 
leum jelly or aqueous soap solutions 

70-1 ciay is recommended. 
When casting DOW CORNING HS 11 
RN high strength moldmaking 
silicone rubber with DOW CORNING 
H S  11 10-1 ciay caPafyst in thick section 
(1/4-inch thickness or greater) against 
Wr-wnbbhg days such as ROMA 
plastelina or CHAVANT plastelm 
cb;ys, no surface treatment is 
required However, when casting in 
thm SECtion~ (less-than-l/4-inchin 
thickness), ROMA plastdina c l q ~  #1 
and #2 may require minimal surface 
treatment 

w i g  
DOW CORNING HS I1 catafyst should 
be m i x e c ' * i  the base material just 
before rpe (with either manual or 
mechanical stirring). It is atways good 
practice to stir/shake both the base 
and the &yst prior to use This is 
especially true with DOW CORNING 
H S  11 10-1 clay cataIyst to ensure 
suspension of the pigment 

Mixing should be complete within 
2 minutes and fhe temperature should 
not exceed 35 C (95 F). Hand mixing 
is &sfactory, but care should be 

When the original is a sulfur- taken to avoid errtrapping too much 

q.Rorrra- is a n: SculphoP House, Inc. c o w n i n g  clay, DOW CORNING HS II air or s p w i n g  the catalyst 
is a memark ot ChavanL 1% 



TYPICAL PROPERnES 
These values are not in&nded for use m preparing specificafions 

. As Supplied - HS I1 Base 
C o o  ......-,,.,,,,...,.......----............-.......... White 
Specific Gravity ...,..,,,...-.-,.-,-.-+--..-.--. .... ,,,.,...,..,. 121 
Nonvolatile Cunterrt. percent -,...,,,.,..,,-,..... 98 
Viscosity, cps ........................................................... 36,200 

20: 7 70:1' 70:7 
sear colored . my 

M y s t  M u s t  catalyst 

As SuppIied 
l o  . Clear Pink Green 
Viscosity, cps .,.,,,,.----....--.-. 30 50 SO 

As C-lyzed 
Specific Gravity .- ....,, - . .  7 2 1  7-79 - 120 
Viscosity, cps ,-.,.-., - .... - 24,000 24,000 i5.000 
Working Time, approximate hours .-,, 2 1.5 0.75 

& C u r e d - 7 ~ a t R o o m  T e m p e m 2 5 C m 9  
Durometer Hardness, Shore A.,-.- 20 16 25 
Tensile Strength, psi . , . ,  600 600 560 
Elongation, percent ........,,....-.-.--- 500 470 340 
Tear Strength, die 13, ppi ,-.. -- ,,.,, I40 1 35 120 
Circle Shrink, percent 

after 24 hours at 25 C (77 F) .--...,,.. 020 026 021 
after 7 days aT 25 C (77 F) ,,.. 030 0.48 0.40 

Spedicatian Writers: Please obtain a copy of the Dow Corning Sal- 
Specification for lhis product, and use i t s  a bask for your specifications It . 
may be obtained fmm any Dow Corning Sales Office, or from Dow Coming 
Product Information in Midland, M1. Call (517) 49&6000. 

Deairing 

To ensure void-free molds and to ob- 
tain the maximum pot He, it is impor- 
tantthatthedatyzed mkbreis 
deaired prior to uswe 

W r  the mixture under a vacuum of 
26302s_in_hoLm~-Wh?id_. 
urrtil it completely expands and 
recdes to the original level (3 to 5 
minutes maximum). 
CAUllON: Deairing for  more than 3 to 
5 minutes can cause a slower cure 
and deep section cure problems. % 
coniainer should have a? least 5 tim- 
the mixture volume to allow for the 
expansion. 

Pouring ae M i m e  

Depending on czWy!=t selection, the 
m y z e d  mixture has a working time: 
of 45 minutes to 2 hours under normal 
working temperatures. It should be 
poured carefully to avoid errhapping 
air and should be allawed to flow from 

~ u n e  when minurP 
nm-k (usualIyPi>Ung the -1. 

I 

one comer of the mold to 511 the 
required volume. DO NOT SCRAPE 
the sides ofthe corrtainer holding the 
cafaiyzedrnktute. 

Cure 

The catalyzed mixture wil cure to a 
.fi exible_ntb&~w~in24h~urs,~er:. 
which it can be demofded Optirmrm 
mechanical properties are developed 
w-ithin 7 days. 

The arre rate can be accekrated with 
heat but the tempercrttrre cannot 
exceed 433 C (1 10 F)- Optimum 
properties are not achieved by MIYifig 
the base to catalyst mixing ratio from 
the recommended ratios. 

HOW TO USE - THlXOTROPlC 
ADD- 
The stbsbzk from which a mold will 
be made should first be cleaned, and, 
if necessary, cozbd with a release 
agerrt (petroleum jelly, F7FE spray, or 
soap solution are suitable). 'Tttis is 
particularly important for porous 
submes.  

The sobsb-ate should then be coated ' 
with a thin precoat (print coat] of 
c a w e d  DOW CORNING WS I I  FfTV 
high strength moldmaking silicone - 
rubber and DOW CORNING HS 11 10-1 
clay caalyst (1 00 parts h e  plus 10 --I. .... 
parts catslvst). Once the phnt coat fms 
started tc &-re, a second coat may be 
applied. These coatings can be 
applied by either brushing or spw-ng.  
To ensure a void-free coaling, the 
mixhrre should be deaired prior to use. 

Once lhh layer-has started to cure. but 
is still facky, the thixotropic mixbre 
should be prepared by thoroughly 
mxing together W W  CORNING HS I1 
Rnr high strength moIrfmaking 
silicone m b h r  base. DOW CORNING 
HS I1 10-1 clay caQfyst and 
DOW CORNING HS I t  thixatropic 
moldmaking addme In the ratio of 
100:10:1 (base:-ddiie) parts 
by weight. tt is not necessary to dedr 
HIS m i x b e  - 
This mixture should be appfied over 
the preatat with a spatula The 
addition of a pigment to the thixotmpic 
mixture aids in identifying the areas to 
be wata Suitable pigments can be 
obtained from the Ferra Corporaljon, 
1301 N. Rora Street Plymouth, 
I n d i a  46563, (21 0) 936-5131. 

The pigments are used at a Ievd of 0.5 
part by weight. If n-, more than 
one layer of the tbixotropic additive 
can be applied to achieve a thick 
mating. To ensure optimum adhesion 
between lAe layers, the next layer 
should be applied before the previous 
one has fully cured and is MI  tacky. 

Full cure is achieved Mi 24 hours. 
after which demoldin- 
For large or complicated molds, it is 
recommended to back the silicone 
mold with plaster or polyester prior to 
remwal. 

HANDLING PRECAVnONS 

Wrth DOW CORNING HS I1  RN high 
strength moldmaking siTicone rubber 
base, d i  eye carrtact may cause 
temporary discomfoh Otherwise, 
DOW CORNING HS I1 KN high 
strength moidrnaking silicone rubber 
base is nonhazardous and norrfiam- 
mable. DOW CORNING HS If FCW high 
strength moldmaking silicone rubber 

are eye and skin im, and 
mejr vapors may be harmful. n e y  are 
atso flammable (Rash point 29.4 C 185 
0, so appropriate pr-dons must 
be taken. 



TYPICAL PROPEKnES - DOW CORNING HS I1 RTV MIXOTROPIC ADDITIVE 
fh&e values are not irrtended for use in preparing specificatiohs. 

As Supplied 
Appearance ............................................... Off-white. translucent Iiquid 
Viscos-Q, cps ,.-... - ...,.,-..-. ...: .....-...........--.--.----.-....-...-........,....-...... 350 
Specific Gravity ,,.., ....,.....,...........-..............,..............-........................... 1.04 

As Mixed' Wltfi Catalyzed DOW CORNING HS I /  High 
Sbzngih M o l d m n g  ~ilidone Rubbe? 

. Working Time, minutes ....................................... ........................ 45 
Cure Tme, hours ............................................. --..-....,,,......,.... 24 
Slump on Cure, 8-mm thick coating, mm ..................................... 4 

'Reammended mixing ratio is 1W:ICcl @ascaAysm%Sie~ by weigh 
The meckanical pmperdes are shh r to  D(3W CORNING HS I1 Rnr high Smtgltr rnolcitmkhg jlicone 
rubbef. 

SpxEcation Writers: Please obtain a copy of the Dow Coming Sales 
Specification forihk produd, and use  it as a basis for your specifications. It 
may be obtained fmm any DOW Corning Sales Office, or fmm Don Corning 
Product I n f o r d o n  in Midland, MI. Call (517) 496-6000. 

- DOW-CORNING.HSILErm_thrxo~pic - 
moldmaking add'rtive is noncorrosive 
and shouid present no heakh or safety 
hazard when used as recommended. 

Safe handling insfmction sheets for 
DOW CORNING HS II RTV high 
strength moldmaking silicone mbber 
base and ca?dys& are available from 
your nearest Dow Coming sales office. 

STORAGE AND SHELF UFE 

When stored in original, unopened 
containers at 25 C (77 F), 
DOW CORNING H S  II R-TV high 
strength moldmaking silicone rubber 
base and ca&@& have a shelf life of 
6 morrths from date of shipment. 

When stored in closed containers at 
25 C (77 F), DOW COWING HS I l  .RTV 
lhixofropic moldmaking additive has a 
shelf rife of 12 months. When stored 

DOW CORNING H S  I 1  RTV high 
strength moldmaking silicone rubber is 
sold separately from the cat&/&. The 
base is packaged in 9-, 45- and 440-lb 
(4.7-, 20.4- and 799.&kg) containers. 
DOW CORNING HS 11 2G-1 clear 

is packaged in 0.45-,225- 
and 22-lb @03-g, 1 - and I &kg) con- 
tainers. DOW CORNING HS I1 10-1 
colored c&alyst and DOW CORNING 
HS 11 10-1 clay catatyst are packaged 
in 0% 4.5- and 44-lb (408-9.2- and 
20-kg) corrtainers. A 1 -05-lb (477-g) 
kit with base and DOW CORNING 
HS 11 20-1 clear catalyst and a 
1 .I -lb (0.5-kg) kit with base and 
W W  CORNING H S  11 10-7 colored 
catalyst are also offered. 

DO-W CoRNiNG H S  I1 RlV thixotropic 
additive is adable  in a 1 -Ib (45443) 

below 20 C (68 F). it may solidify. The axrbiner. 
product can be readily reliquified by 
the application of heat. MSDS INFORMATION 

MATERIAL SAEl'f DATA SHEETS 
AND CONTAINER LABELS FOR SAFE 
USE, PHYSICAL AND HEALTH W- 
ARD INFORMATION. THE MATERIAL 
SAFETY DATA SHEET IS AVAILABLE 
FROM YOUR DOW CORNING REP- 
RESENTATIVE. OR DISTRIBUTOR, 
OR BY WRITING TO DOW CORNING 
CUSTOMER SERVICE, OR BY CALL- 
ING (51 7) 496-6000. 

WARRANTY INFORMATION - 
PLEASE READ CAREFULLY 

Dow Coming believes that the 
irrformdon in this publication is an 
accurate description of the typical 
characteristics and/or uses of .the 

' product or producki, but it is your 
responsibility to thoroughly es t  The 
product in your specific application to 
determine its performance, efficacy 
and safety. 

Unless Dow Caming provides you v5t.h 
a specific written warrarrty of Fitness 
far a particular use. Dow Coming's 
sole wananty is that the ptoduct or 
products will meet Dow Coming's 
then current sales specifications. 
DOW CORNING SPECtFfCALLY 
DlSCtAlMS ANY OWER EXPRESS 
OR IMPUED WARRANTY, INCLUD- 
ING THE WARRANTIES OF MER- 
CHANTABILITY AND OF FllN33 
FOR USE Your excfusive remedy and 
Dow Coming's sole bbiii%y far b& 
aiwarrarrtyisBrn&d torsfund ofthe 
purchase price or replacement of any 
product shown to be other than as 
wmmkd,  and DOW Coming express- 
ly disclaims any I i i i i i i  for incidental 
or mnsequential damages. Sugges- 
tions of uses should n d  be taken as 
inducements tb i n s n g  any particular 
P- 

. . 

Base and cahlysk are moisture sen- ATENTION: PRODUCT SAFETY 

skive. Care should be taken to ensure INFORMATION REQUIRED FOR SAFE 
that containers are tightly closed USE IS NOT INCLUDED. BEFORE 

after use. HANDLING, READ PRODUCT AND 
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T ips for successful moldmaking 

Once you've selected the correct product and deter- 
mined how to use it properly, you're on the way to 
making good, flexible molds with silicone rubber. 
The following recommendations wiZI further ensure 
your success. 

De-ahing is recommended for alI silicone moldmak- 
bg-mbbes-urhen-not-using-automati~dispensing-A 
equipment. The small air bubbIes that result from 
hand nixing become trapped in the mixture and, if not 
removed by de-airing, can interfere with exact surface 
reproduction. One exception is DOW CORNING@ 
3110 RTV silicone rubber. Due to its low viscosity, 
this material can be used in many applications without 
&-airing. 

Because the mixture of base and catalyst or base and 
curing agent will expand during de-airing, it is impor- 
tant to use a container that is between three to five 
times the volume of the material itself. ' The higher 
viscosity silicone moldmaking rubbers will expand 
the most. 

The mixture can be quicIdy and easily de-aired in a 
vacuum chamber. This important step usually takes 
justafew minutes. .Entrapped air may-be removed by 
applying a vacuum of 28 to 29 inches of mercury. The 
material wiU expand and then recede to its original 
level. For approximale time to complete &-;tiring, 
consult the individual product data sheets. 

2 Inhibition 

C m  of Dow Corning RTV materials may be inhibit- 
ed by certain contaminants in or on the pattern to be 
molded. The inhibition reaction will impair or stop 
the mssllnking necessary for the RTV material to 
cure, resulting in tackiness at the pattern interface or a 
total Iack of cure throughout the mold. 

If in doubt as to possibIe surface inhibition, a "patch 
test" is recommended. Brush or pour a small amount of 
the catdyzed RTV seIected onto a non-critical area of the 
pattern. Inhibition has ocnrrred if the rubber is gummy 
or uncured after the recommended cute time has passed. 

Addition Cure Svstems. Inhibition in addition cure 
systems @lahum m e )  such as the SILASTICCB sili- 
cone &oldmAkiTlg.pmduct line can range h m  tacki- 
ness to complete lack of cure. Among materials found 
to cause inhibition me sulfur-containing modeling 
clays, natural rubber such as latex and rubber gloves, 
masking tape,' mine  or suIfur-containing materials, 
and condensation cure (tin catalyzed) silicone RTVs. 

- -  S ~ ~ e s p r e v i o u s l ~ t a c r w i t h a n y u ~ e m a t e r i -  
als mentioned may also be inhibited. Water, when 
present on the part to be molded, can also cause inhi- 
bition. 

Condensation Cure Svstems. Inhibition in conden- 
sation cure systems (fin caudyzed) such as DOW 
CORNING@ 3100 series and DOW CORNING@ 
series RTV silicone rubbers is not common. 
However, here are some sulfur-containing modeling 
clays that can retard the cure of some of the conden- 
sation cured RTVs. Complete cure may take days 
(with severe inhibition), but unlike inhibited addition 
cure materials, the condensation cure R W s  will cure 
when the clays are removed 

In the DOW CORNING HS series, DOW CORN- 
ING@ HS 11 10-1 clear and 10-1 clay catalyst and 
DOW- CORNING@--HS-III-l O- 1, clew-and-10-l-clay 
catalysts, when used with their respective bases, have 
been formulated to cure against iahibition-prone 
clays; 

Molding clays and tapes that are compatible with all 
silicone moldmaking rubbers from Dow Coming can 
be found in "Suppliers of Moldmaking Equipment 
and MateriaTs" available in 'ZITCrUIDE." 

Techniques to Prevent Znhibiiioq. A standard prac- 
tice to prevent inhibition is the use of a '%barrier coat- 
ing" to prevent the inhibiting agent from contacting 
the uncured RTV material. A thin layer of clear 
acrylic lacquer such as KRYLON~~ Cry& Clear 
Acrylic Spray Coating sprayed directly onto the pat- 
Ern is an effective barrier coating io most instances. 



Polyvinyl alcohol (PVA) is another effective barrier 
coat. This water-based solution can be applied by 
brushing, wiping. or spraying onto the master. Tt is 
impartant the Wm be completely dry before moldng. 

After the mold is cast, the film of PVA can be 
removed from the pattern by placing it underwater 
and rubbing briskly. The film wiLI redissolve. 

3. Thinners 

DOW CORNING 200'3 Silicone Fluid serves as a 
thinner and can be used with aIl Dow Corning silicone 
rnoIdm&ng rubbers. A wide variety of viscosities 
are available; however, 20, 50, 100, and 350 centis- 
tokes viscosities are most commody used. 

Using a &inner to lower the viscosity of the RTV 
bases requires only 1 to 3% of the 20003 Fluid and 
does not affect the physical properties of the rubber 
when using a thinner to reduce durometer, 

4. Release Agents 

For PattenslMgsters. A release agent should be 
used to ensure easy removal of the cured rubber from 
the pattemlmaster. For molds cured at room temper- 
ature, a simple mixture of 5 parts petroleum jelly to 95 
parts solvent is recommended Suitable solvents 
i n c l d  VM&P naphtha or mineral spirits. 

The petroIeum jelly-solvent mixture can easily be pre- 
pared by putting the items together in a suitable con- 
tainer and setting aside overnight With slight agita- 
tion before use, the mixture is ready to apply. 

To - ensure--complete -coverage;~h-the - m o I d - h i -  
ly with the petroleum jelly-solvent mixture, then hit 
with a spray of air b m  an drr gun. The air will aid in 
evaporating the solvent, efiminatc puddling and the 
resultant loss of detail. This process will leave a thin 
% of petmIeum jelly over the entire pattendmaster. 

When casting a two-part mold, it is extremely impor- 
tant to completely cover the cured half of the mold 
with a good release agent to prevent the two Mves 
h r n  bonding together. Straight petroleum jelly can 
be used. as weU as a solution of 30 to 50% petroleum 
jelly. Dusting with taIc or baby powder has been 
found to be effective. as well as the use of TEFLON 
aerosols. 

For Silicone MoIds. When first cast, silicone rubber 
molds exhibit n a m d  release characteristics. Over 

time. however. the reactant agents in most casting .,. 

resins will deplete mold lubricity and parts wiU begin 
to stick in the mold A release a ~ 5 . i  should be used at 
the h t  sign of sticking and i;tily reapplied when 
sticking reoccurs. 

When using a silicone release agent, it is important to 
burnish in the release agent only on the area@) where 
sticking o c m .  

If using a silicone release agent in an aerosol contain- 
er, there are cautions to be taken. Silicone can cause 
non-wetting spots (fkheyes) in nearby areas where 
painting is being performed It is best to use straight 
dimethy1 fluid (DOW CORNING 200@ Fluid) and 
rub it into the mold where sticking is occurring. 
Wiping off b y  excess will prevent non-wetting areas 
on the piece(s) cast from the moId 

' " T h e r e a r m e v d ~ h l e ~ e n t s a ~ I e ~ A -  - 
listing of some of the companies that supply them can 
be found in the "LITDE'  nuder "Suppliers of 
Moldmaking Equipment and Materials!' 

5. Amount of Rnbber Needed to Cast a Mold 

DOW CORWGw HS I1 RTV high strength 
moIrlmaking rubber: 20 gradcubic inch 

DOW CORNING* HS m a d  HS IV RTV high 
strmgth moldmaking rubbers: 18.8 grandcubic 
inch 

DOW CORNTNGm 3110 RTV silicone rubber: 19 
gmmdcubic inch 

D9W.CORNXNG*3112 R?r\r silicone mbber: - 23 
grandcubic inch 

DOW CORNING" 3120 RTV silic'one rubber: 
25 grams/cubic inch 

SILASTIP E and T RTV silicone rubbers: 18 
grams/cubic inch 

SILASTIP J, K, L., and M IWV silicone rubbers: 
21 gramsfcubic inch 

6. Patching Torn MoIds 

Using a steel brush, abrade the area to be patched, 
then clean the tear with a good grease cutting soIvent 
such as naphtha or mineral spirits. Be sure the solvent 
has campleteIy evapomkd before proceeding. 



Because silicone rubber sticks so well to itself, for the 
strongest patch, it is recommended that you use the 
same silicone rubber that was used to make the mold. 
SILASTIC@ 732 RTV multi-purpose sealant can also 
be used to repair torn molds. 

7. Compression Casting 

When using silicone rubber materids to do compres- 
sion casting, holes must be drilled to permit venting. 
One hole for every 25 square inches of surface area 
should be sufficient. Maximum size is 1/16 inch. 

8. Oak WoodPatterns 

When using new oak wood patterns, a microsized 
porosity often occurs at the open grain of .the wood 
To avoid this, apply some petroleum jelly to a clean 

.. . - cloth and gently rub the surface in the direction of the - -  - , - - .  - -  
gram. 

9. Mold Box Release 

A coating of DOW CORNING@ 236 RTV dispersion 
on wooden mold boxes prevents resins, especially 
polyurethanes. from sticking to the mold boxes. 

10. Mold Life Extension 

a. 5-er Coding. The use of a barrier coat when 
casting polyurethanes can greatly extend mold life, in 
some cases up to 200 percent. The barrier coat should 
be sprayed into the silicone mold prior to each cast- 
ing. When the cast part is removed fkom the mold the 
barrier coat becomes the outer skin of the casting. 
The barrier coat can then be stained or painted, an 
important feature. 

Note that this type of bamer coat is different than the 
barrier coat mentioned in 'Techniques To Prevent 
Inhibition." 

b. . Reconditioning. Reconditioning can be accom- 
phhed by burnishing into the surface a low viscosiry 
DOW CORMNG 200@ Fluid. When the mold is to 
be put back in use, any excess fluid should be 
removed from the surface. This is necessary to assure 
the cast parts will be paintable. Non-wetting or 
'%sheyes" can occur on the surface of the cast paas if 
all excess DOW CORNING 200B Fluid is not 
removed. 

A slow, gradual bake-out at 93-C (20C-F) for eight 
hours or a rapid bake-out at 204d (400-F) for two 
hours can be used. 

11. Library Life 

To extend the library life (shelf Me) of a cured sili- 
cone rubber mold, it is important to thorou&ly clean 
the mold before storage. E possible, a bake-uut (see 
Mold Life Extension, Patagraph c), followed by wip- 
ing the mold with a solvent, is best If a. bake-out is 
not possible, wiping the mold out with an aggressive 
solvent such as toluene win still help considerably. 
After cleaning the mold, apply a thin film of DOW 
CORNING 200@ Fluid (Iow viscosities of 20, SO, or 
100 centistokes are best). Placing a master of wax, 
plaster or wood in the mold will help retain the mold's 
shape. 

Always provide adequate ventilation when using 
my solvent. In addition, all solvents should be 
completely evaporated before catalyzed RTV 
rubber is applied to the master partem. When' 
using any solvent, avoid heat, sparks and open 
flame. Follow the manufactma's directions on 
container labels, including precautionary han- 
dling statements. 

I 
SAFE HANDLING INFORMATION 

PRODUCT SAFETY DFORMATXON REQUIRED 
FOR S A F E  USE IS NOT INCLUDED. BEFORE 
I U N D m G ,  -READ'-PRODUCT -IWDXXEIUAL 
SAFETY DATA SHEETS AND CONTAINER 
LABELS FOR SAFE USE, PHYSICAL AND 
HEALTH lIAZAN3 INFORMATION. THE MATE- 
RTAL SAFETY DATA SHEET IS AVAIZABLE 
FROM YOUR DOW CO?XVlNG REPRESENTA- 
TlW OR DISTRIBUTOR, OR BY WRITING TO 
DOW CORNING CUSTOMER SERVICE, OR BY 
CALLING (517) 496-6000. 

c. Bake-Out. A bake-out is recommended to 
remove the hardeners, plasticizers and other materiais 
that Ieach out of the casting materials and are gradu- 
ally absorbed into silicone molds. 



LIMITED WARRANTY - PLEASE READ 
c-Y 

Dow Coming believes that the information contained 
in this publication is an accurate description of the 
typical characteristics andlor uses of the product or 
pmducts, but it is your responsibility to thoroughly 
test the product in your specific application to deter- 
mine its performance, efficacy and safety. 
Suggestions of uses should not be taken as induce- 
ments to infringe any particular patent. 

Unless Dour Coming provides you with a s p c 5 c  
wdtten warranty of fitness for a particuIar use, D m  
Coming's sole w m t y  is that the product or prod- 

. .- ucts 5Mom. will meet Dow c-o-m-G-sr-- Coming's then current cmv-nI-c.-..-.-... sales spec- ... - - .  - .. - ... , .. . .. - - -. - 

CLAIM3 ANY OTHER EXPRESS OR IMPLlED 
WARRANTY, INCLUDING THE W- 
OF MER-ILITY AND OF FITNESS FOR 
USE Your exclusive remedy and Dow Coming's sole 
liability for breach of warranty is limited to refIlnd of 
the purchase price or repIacement of any product 
shown to be other thao as warranted, and Dow 
Coming expressIy disclaims any Ziability for inciden- 
lal or consequential damages. 

DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 48686-0994 
'DOW CORNING' is a regIatered trademark of Dew Cwnlng Corporation. 
Rhtad In USA F m  No. la631-B5 
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M A T E R I A L S  F R O M  D O W  C O R N I N G  

Create qualay 

h e  after the. 
If you're looking for an easy-to-use moldmaking material that 
will deliver consistently superior results, look no further. 
With silicone moldmaking materials from Dow Corning, you 
can create tough-but-flexible molds to reproduce intricaie 
details and deliver highquality replicas, again and again. 
Remember, the closest thing to a reproduction from a sili- 
cone mold is the original itself. 

We make a variery of products to meet a variery of needs: 
from reproduction of figurines, collectibles, jewelry, candles, 
and artifacts; to molding of prototypes, industrial tooling, and 
furniture; to creating silicone rubber pads for transfer print- 
ing and robotic skins for animated creatures; to architectural 
fabrication. Our products can be used with masters made of 
stone, glass, wood, metal, wax, ceramic, plaster, and clay. And 
they're compatible with a wide range of casting materials. 

Each product consists of two components: a liquid sili- 
cone rubber base and a catalyst or curing agent. There are 
two bask cure types - condensation cure and addition cure 
- each containing several products in a range of viscosities 
with variable cure times. To identify the product(s) best s ~ t -  

ed to your application, star t  by using the product selection 
tree and typical moldmaking variables chart in Step 1. 



Silicone Moldmaking Materials from Dow Corning 
Arccasytowe. Feature cxcdlcnt n a d  rclcase characteristics. Prwidc good resistance to most c h e m i d  
Reproduce inmmre derails. Offer milorable working dmes and cure rates. Resist tearing with repeated use. 
Hold severe undmts. Arc flcxiblc m rcducc dcmolding and smss problems. Work in a wide rangc of scrvicc tcrnperatura. 

I 

Condensation Cure Products 
Dow Coming' B m d  Silicone 'Rubbers 

For molding figurines, decorative reproduction, and making 
uansfer pads. 
Provide ouotanding resistance to inhibition. 
Use ein catalyst 
Offer variablc cure times at room ternpermre. 

Addition ~roducts 
. ShstkW Brand S$mne Rubbers 

For engineering dcrip, pmtotyping, and arrhikcaual bbrication. 
Use platinum Caralpt 
Curt can be heat accelerated. 
Exhibitvirtually no shrinkage when cured at room temperatux 
offer betur chemical rerisrancc. 

D m  Cm+f HS II RTV High 
Stnngth Moldmaking Sicone 
Rubber. Highest tear strength. 
low durometcr (hardness). 
WeU5uited for onopart moI& 

DmConting.HSIIlRTV 
High Strength Motdmnldng 
SZcone Ruhber. High tear 
srrcngrh. laver durometer. 
Welkuited for one-part molds. 

I 
D o v r ~ S l l O R T V  
Sicone Wk. General pur- 
pose, low war strength. medi- 
um durornc~er, low mixed v b  
cosiry, easy to work with. fills 
tiny crevices, vacuum dc-airing 
isn't always required, whiw. 

I 

D m  CurJAf Sl lZRW 
Silicone Rubber. Genera. pur- 
pose, low rear sueng-h, high 
duromew, whim. 

I 
.SiZdicm E RTV S i n e  
Ruhber. Good [car rcsistance. 
low durometcr (hardness). 
long working time. high 
elongation, white. 

I 

Ehficc. J RTV Silicone 
Rubber. Good tear resistance. 
high durometer. easy release, 
curgrowth resistance, green. 

S i o  M RTV Siticone 
Rubber. High tear strcngh. 
high durorneter. good inhibi 
tion rrsisrancc, demoldable in 
16 hours. rcgal blue. 

I 

Sih.sticw S RTV Silicone 
Rubber. Nigh tear resistance. 
very tow durometer, low Vista* 
iry, high inhibirion resistance. 

Dmucanring.HSIVRTV 
High S f n q t h  Moldmnking 
Silicone Rubber. High tear 
strength, lowat dummecer, 
lowcsr mixed viscosity. WelI- 
suited for oncpan molds. 

D m  condng. 3120 RTV 
Sicone Rubber. Low tear 
smngrh, high durometcr. 
excellent heat stability, red. 

S h f i c m  L RTV SUicone 
Rubber. Low durometer. soft 
and more flexiile, high e l o n p  
tion. p e n .  

Rubber. Tranducenr/color- 
less, medium/Iow viscosity, low 
duometer. high inhibition 
ruis tancc. 

Typical Moldrnaldng Variables 1 CONOMSATION CURE PRODUCTS IJ ADDITION CURE PRODUCTS 

D m  Cdning Silicone ]Rubber S i h d c  Silicone Rubber 

Simple. no undercuts 
Complex. some undercun 
CompIcx. deep undcrcurs 
Vertical surfaces. Iarge 

or immovable objecrs 

m e *  a * .  l 0 l 

. . a  l l 
a m *  l 0 0 a  a  

Compatibility with Casting Mat& 
~ 0 1 y t s t ~ n  m e *  o o o o o o a  c 
Polyurerhane, rigid * . O  0 0 2  3 .  a  s 
Polyurerhanc. loam 0 0 0 0 ' 3  ir 5 - 
Epoxies O O Z  - 7 .-. - 3 * 

d 

Low-melr memls 3 C m  - - - I- - - 0 - 



Once you've narrowed the field to a few 
materials, it's time to look at your cure 
options. D m  Corning HS II. HS III, 
and HS IV RTV High Strength MoIdmak- 
ing Silicone Rubbers are available with 
the following catalysts: 

Qear, to allow custom coloring of the 
rubber. 
Colored pink, to aid inspection for 
uniform blending. 

Clay (W II and HS III only), for curing 
against suk-containing days Colored 
green to aid inspection for uniform 
blending. 

D m  CmingSX10.3112 and 3120 RTV 
Silicone Rubbers can be used with either 
D m  Corningm 1 Catalyst or faster-acting 
Dow Cmningm 4 Catalyst 

Each SihticRTV Silicone Rubber has 
its awn special curing agenc. For best 
results, these products should be used 
in kit form as supplied, and only at the 
spedfied ratios. 

The chart at right can help you deter- 
mine the mix ratios, working times, and 
m e  times most compatible with your 
equipment capabilities and application 
requiremenls. 

Working and Cure Timw at RT (72 r2.F. 2S'C) 

D o m C a s t r i n g H S I W s l g h S ~  
Molrfmaking SZconc Rubbas . 

D m  Coming' WS II Catalyst 20:l Clear 
10:l Clcar 
10:l Colored 
10:l Clay 

Dow Coming' HS ID Catalyst 1O:l Qcx 
X0:l CoIorcd 
10:l Clay 

Dow Cmning' WS IV Caralyst 10:1 Clear 
10:1 Colored 

2hn 
45 rnin 
1-1/2 hrs 
45 rnin 

Conring 31 10 Silicone Rubber 
D m  M n g g  1 Carayst 5:l I hr 5 hrs 

10:1 2 h n  7 h n  
20:I Shrs 12 firs 

D m  Gnningw 4 Cadysr 100:1 3 min 10 min 
200:1 5 min 20 min 
400:l 20 min Zhn 

Doru Gming3112 Silicone Rubber 
D m  Cmning 1 Catalysr 5: 1 1/2 hr. 6 h n  

10:l 1 hr 8hrs 
20:l 2hrs 12 hrs 

D m  Gnning 4 Catalyst I0D:I 2 min 10 min 
200:l 5 min 20 min 
400:l 15 min 1-1/2 hrs 

~ S l Z O  Sicone Rubber 
D m  Cmning 1 W y s r  5:l 1/2 hr 6 hrs 

I0:l 1 hr Bhrs 
2k1 2 hrs 12 hrs 

D m  Cmning 4 Catalyst 100:l 2min . 10 min 
200:l 5 rnin 1-1/2 hrs 
W . 1  15 min 2-112 hrs 

... . 
.-k:- 

C 
8 
1. 

SiIartic sicmre R u b k  

SiIarriP E Curing Agent 10:I 1-1/2 hrs 24 hrs 
SlartirJ Curing Agmt 10:l 2 hrs 24 hrs 
Sitrrtic' L Curing Agent 10:l I hr 24 h n  
SilartiP M Cuing h c n r  10:l 1 hr 16 hrs 
Silastic* S Curing Agent 10:l 45 min 7 hrs 
silartic' T-P curing b e n t  1O:I 2-I/Z hrs 10 hrs 

' T & a i u i l ~ / ~ L 4 e ~ n i a m I a b e o u ~ ~  
' T k ~ m i ~ ~ l h r & m n & ~  



When you've determined'which products %iul hpertiesf 
have the general performance and cure 
capabilities you need, review the following 
@ical properties charts to see haw these 1 

As 
Appearance 

products match up with the specific 
properties you require. 

A D D ~ O N  mN-t 
SiWicSiLfcone Rubber 

E J  L M S T-2 

1.12 1.28 1.27 1.29 1.12 1.12 

Whits C m n  G m  R@ Blue C m  Tnnslutrnr 

As Supplied 
Spef ic  Gravity 

Vicosicy, poke 500 900 1000 900 128 550 

m u r e d  Physid Properties' 
Durorncter Hardness, 

37 56 Shore A, points 34 59 26 42 

I Tensile Sucngth, psi 800 900 550 650 1000 800 1 

1 T* Swenpth. die B. ppi 110 90 50 90 140 120 I 
Useful Temperature Range. -55 to 200°C 
.dcgrccs -(67 to 392'F-l- 

Linear Shrink. percent 
After 24 hrs @ 77'F (25'C) ~ i 1 ~  BJi12 N ~ I ~  PJilP ~ i l '  PJi12 
M ~ e r  7 days @ T P  (25'C) 0.1 0.1 0.1 0.1 0.1 . 0.1 

DwCar&g 
D m  Cunring High Streugh Moldmaking Silicone Rubber Silicone Rubber 

As Supplied 
Spedfic Gravity 1.21 1.16 1.16 1.14 1.30 1.45 

Gm+t Used 10:l 20:1 10:l 10:l 10:1 10:l 103 10:l 10:l 10:l - 10:l 1O:l 
aczr  Qear Colorcd Uay Clear Colurcd C I q  C t w  Calorcd 1 W p t  1Gml)nr 1 CamIpz 

As CaraIyrcd 
Appearance WhIu Whiu Pink Crcm Whim Pink Crccn White Pfnk White Whim Rcd 

As-CrPedplryJid Pmpereier' 
Dummetcr Hardness, 
Shore A, poinrs 20 20 16 22 10 10 14 5 5 45 60 60 

Shore 00, points - - - - 56 55 62 53 52 - - - 
I Tensile Strength, psi 400 600 550 450 350 400 950 350 350 400 700 900 - - 

EIongation, percent 325 500 500 325 550 575 425 675 675 175 I30 120 

Tear Sucngth, die B, ppi 125 140 130 120 100 110 110 110 I00 20 SO 40 

~ ~ p e r ~ e r n p c ~ n u c  Limi~"C 200 200 200 200 200 200 200 200 200 200 200 300 

-. Linear Shrink, percent 
Afrer 24 hrs Q 77°F (25'C) .20 .20 .26 -21 .23 -20 .01 0.14 0.14 - - - 
Aftcr 7days Q 77°F (25°C) .30 30 .48 -40 .48 .48 .21 0.15 0.15 - - - 



D m  ConringO Tbko Additive. This dear 
liquid can be used with D m  Corning HS 
II. HS ID, and HS N RTV High Strength 
Moldmaking Silicone hbbers  and 
SiMc'E, J, L, S and T-2 Silicone 
Rubbers to produce skin molds on ved- 
cal surfaces or from immovable objects. 

Dow ConringO Sprayable CaMyst 
(Clear and Purpie) . This catalyst can be 
used with D m  Conu'ng HS II and HS III 
Bases. Primary uses include robotic 
skins and tooling. 

D m  Cmrring' 43-6559 Cure Accelerator. Dow CmrdngO 752 RTV Multi-purpose 
Can be used to speed room-temperame Sealant A one-part adhesive wed to 
cure of all Silastic RTV SiIicone Rubbers repair tom molds. 
and as a surface maanent to prevent 
inhibition. Contains a silicone polymer D m  Cbmb@ 92-009 Dispersion Coating. 
and platinum catalpr A onepart, room-temperaturecure coat- 

 in^ used for painting silicone robotic 
Dow Corning. 236 RTV D i s p d o n  skins; easily pigmen&. 
White; onepart coating. Used to pre- 
vent casting resins fiom sucking to 
wooden molding boxes/-= 

D m  Gmi@ 200 Fluid. Used as a thii- 
ner to lower mixed viscosity. Also used 
as a release agent 

For general assistance or more informa- 
tion about product selection, call your 
Dow Corning.sales representarive or 
dismbutor. 

For technical support or moldmaking 
advice, call our moldmaking experts, 
Bob Kelly at (517) 496-4462, or 
Customer Service at (517) 496-5000. 

For technical data sheets, use 
Dow Corning's convenient Select-A-FAX 
system. With Select-A-FAX, you get free 
24hour access LO the prbduct informa- 
dbn you need Just follow these simple 

- insuuctions: 
1. CaIl 2-800-FAX-DC (1-80043-2932) 

on your touchtone phone. 

2. At the prompt, enter your FAX 
number and telephone extension. 

3. When asked, speak (and spell) your 
naqe. Then, name your company 
and provide your telephone number. 

4. When prompted, enter the Literature 
Code($) for the product information 
you require. (Enter 22 at this step to 
receive the Moldmaking Indusny 
Index, which pmvides Literature 
Codes for all moldmaking product 
sheen.) 

5. Go to your FAX machime -- the infor- 
mation you requested is on its way. 

LIMlTED w m  - P E A S  READ 
cAFamIn 
Dow Corning believes that the information 
contained in thk publication is an accuate 
description of drc typical characm-kticr 
and/or rues of the product or products, but it 
k your raponsibili& to thoroughly test the 
product in your specific appIicadon to deter- 
mine irs performance. &cq, and d e r y .  
Suggestions of rues  should not be taken as 
inducemenu to tnEringe any panicular patent 

Unlcs Dow Coming pmvides you wirh a spc- 
cilic wrictcn waranty of fitness for a pdcular 
use. Dow Corning's sole warranry is that the 
product or producrs, as supIied will m e t  
Dow Coming's then cumnt'sales spe&= 
tions. DOW CORNKNG SPECllTCALTX 
DISCLAIhE ANY OTHER EXPRESS OR 
IMPLIED WRRANR, INCLUDING THE 
WARRANLlES OF M E R ( X A N T A B m  
AND 01 FITNESS FOR U a  Your exd~tsive 
remedy and Dow Coming's sole liability far 
breach of warranty is limited to the refund of 
the purchase price ar replacemat of any 
product shown to be otha than as warmnted. 
and Dow Coming expr* discIairns any lia- 
bility for incidental or consequential damages. 

'Dw k ing -and  ~Suarir'arc regirtzrcd ~ldcmnrkr of 
D m  Gming C o p d o h  

0 1Q96 Dow Grnlng Corpondon we 

All righu mmd. 

Prinmd in USA. 5bIC 7656 Form No. 10-168F-96 

Dow Corning Corporation 
Midland, Michigan 48686-0994 



I m me 
Maklng a One-Part Block Mold ,..-,....,,...--, -,---..- ...... -..- 2 Casting lnto a SLlicone Glove Mold .-,.....,-..,.,,,,,v. -.-... - --... 7 

! Making a Two-Part Block Mold ,,,-, ,..-,.-.,-..... ..-............, ..... .,..... 3 Maklng a Brush-On SkIn Mold ,..,,-,...,.,,.,.., - -........ .., 7.8 
Casting lnto Stlicone MoTds ,,,-- ....-.. ,-l---...---..- ...... -.--.. 4 Casting a Brush-On Skin Mold ......................... ,,,. 8 

I 

Maklng One- and Two-Part Silicone Glove Molds ,,..,,-.....-... 5.6 

I ( One-part block mold ( Fastest and easiest molding 1 
technique 
Casting material can be 
poured 
Casting material can be 
leveled with a spatula or by 

I 1 NO deep undercuts 

I . . - I  . . 
I ' :. - " 

Easy to handle 
Easy to demold 
Ideal for use with casting ma- 
terial that should cool down 

Detail on all sides 

Detail and undercuts 

I 

I '  

Two-part block mold 

gentle vibration 

Thick, durable mold 

A Wtat back" 
Deep undercuts and fine 
detail on the other side 

Large size 
Extreme undercuts 
Orlginal cannot be moved 

One-part glove mold 

Brush-on skin mold 

slowly or for faster curing of 
some caiaiyzed reslns 

Easy to demold 
ideal for casting materials 
requiring quick cool-down 

Easy to demold, even with 
complicated originals 
Economical for large originals 



Making silicone .molds 

ONE-PART BLOCK MOLD 

Step 1. 
Prepare the orlyinaL 

Step 2. 

Prepare a molding box of wood, plastic or 
metal, making sure there is a mintmum clear- 
ance of 1/2 inch between the edges of the 
original and tfie sides of the box. and a mini- 
mum clearance of 112 Inch between the 
highest point of the original and the top of 
the box sides. 

Step 3. 

Step 5. A 

Prepare the molding material and pour it into 
. the box, holding the container as close to the 

box as possible. Pour slowly to allow the 
material to fit! all the crevices and level off. 
Continue pouring until the top of the silicone 
material is a minlmum of 1/2 inch above the 
highest point of the original. 

Step 6. 
Cure for 24 hours a! room temperature. 

Step 7. 

Mount the original to the base of the molding 
box This can be accomplished by putting a 
strip of Inhibitor-free rnodelfng clay' around 
the edge of the back of the original. Press the 
ortginal firmly onto the box base. Fora more 
secure mounting, drill a hole In the center of 
the base and attach the original to the base 
with a wood screw. 

Step. 4 

Construct the molding box around the origi- 
nal. Carefully seal around the edges of the 
box and between the original and the box 
with sulfur-free pattern (filleting) wax or in- 
hibitor-free modeling clay. This is necessary 
to. prevent the liquid silicone rubber from 
seeping out. If you prefer castings with a 
smooth, high-gloss flnlsh, ensure !hat the 
orlglnal Is highly polished. 

'U' 
Remove the wax or clay sealing the sides of 
the box and disassemble the box. 

Separate the mold from the original. 

1 E Silicone Moldmaking Material 

'See 'Modalmg Clay- on 'Supplion of MoldmaWnv 
Euu~prncnl and Malenab.- Form N0.10-525, 



. NO-PART BLOCK MOLD 

Slep 1. 
Prepare the original. 

Step 2. 
Prepare a molding box with sides, base and 
lid of wood, plastic or metal, making sure 
there is a minimum clearance of 112 inch 
around the original. 

Step 3. 

Seal the edges of the box with sulfur-free 
filleting wax or Inhibitor-free modeling clay. 

Slep 4. 

Wrap, in aluminum foil or plastic wrap, the 
half of the original that wlll be embedded In 
clay in the bottom of the box. Embed the 
original up to the pre-established parting line. 

Step 5. 

Insert alignment pegs into the clay. 

Step 6. A 

Prepare the molding material and pour it into 
the box, holding the container as low as 
possible. Pour slowly to allow the material to 
fill all the crevices and level off. Continue 
pouring until the top of the sllicone material 
is a minimum of It2 inch above the highest 
point of the original. 

Step 7. 

Cure for 24 hours at room temperature. 

Step 8. 

Invert the box and disassemble it. Remove 
the clay, fofl or plastic wrap, and alignment 
pegs. 

Step g. n 

Reassemble the box and apply a release agent 
to the exposed area of silicone. 

Step 10. 
A 

Holding the container as close to the box as 
possible, pour in the silicone material. Pour 
slowly to allow the material to fill all the 
crevices and level off. Continue pouring until 
the top of the silicone material is a minimum 
of 112 inch above tbe highest point of the 
original. 

Cure for 24 hours at room temperature. 

Step 12. 

~lsassemble the box and separate both parts 
of the mold from the original. 

Step 13. N 

To prepare the mold for casting, drill two or 
more holes through it. The casting material 
will be poured into the mold cavity through . 
one hole, and the air wlll escape through the 
other@). 

NOTE: If the original is relatively simple 
and not too large, it is possible to omit 
the use of the clay. Instead, pour the 
sllicone material directly into the box 
to form the first half of the mold. 



Casting into a silicon 

ONE-PART BLOCK MOLD 

Step 1. 
Prepare the casting material according to the 
manufacturer's instructions. 

With the mold on a flat, level surface, pour 
the casting material slowly into the mold, 
holding the container of casting material as 
close to the mold as possible. Brushing, vi- 
brating or gently shaking will help to ensure 
that the casting material flows into all the 
crevices. 

Step 3. - - 
When the casting material has set, separate 
the mold from the casting using a firm, even 
pressure. 

Step 4. 

w - '  = w 

Smooth any rough edges by light filing or 
sanding. 

NOTE: For easler de'molding, some 
one-piece block molds require CIA- 
tlng. A predetermined parting line is 
marked on the master prior to casting 
the sfllcone mold. Once the master is 
removed from the mold, the seam line 
is matched up and t h e  mold is held 
together, usually with rubber bands 
or tape. 

R Silicone Moldmaking Material 

e mold 

TWO-PART BLDCK MOLD 

Slep 1. 

Reassemble the mold in the original molding 
box. ensuring that all park are held firmly 
together. 

Step 2. 

Insert lengths of plastic tubing into the drilled 
holes. The plastic tublng In the air-escape 
hole(s) should protrude 1/2 inch fmm the 
mold. The plastic tubing in the filler hole 
must be long enough to reach above the 
top edge of the mold when it is in casting 
position. 

Prepare the casting materlal according to the 
manufacturets Instructions. 
Wfih the mold in cadng position, pour the 
casting materiat into the mold through a 
funnel inserted in the end of the filler tube. 
Hold the container of casttng material as 
close to the funnel as possible. Keep pouring 
slowiy until material rises in the air-escape 
tub@). Vibrate or gently shake the mold 
so the material flows into all the crevices 
and any trapped air bubbles rise through the 
air-escape tub+). 

When casting with certain casting resins, 
R is necessary to cover the plastic tubes 
with a sheet Of paper Or plastic to prevent 
inhibition. 

Step 4. 
When the casting material has set, separate 
the mold from the casting using fin, even 
pressure. 

Slep 5. 

*: all+/ 
Remove the plastic tubing and cut off the 
runners. Smooth any rough edges by light 
filing or sanding. 

NOTE: If the casting i s  large or intri- 
cate. it may be advisable to pour the 
casting material into the'mold until it 
is half full, vibrate or de-air it in a 
vacuum chamber, and then pour in 
the rest of the casting material. 

I 



Making silicone glove molds 

TWO-PART GLOVE MOLD ONE-PART GLOVE MOLD 

Step I. 
Prepare the original. 

Slep 1. Step 6. 

Prepare the original. 

Step 2. Step 2. 

Prepare a molding box of wood, plastic or 
metal, making sure there is a minimum clear- 
ance of 112 inch around the original. 

Step 3. 

Place a strip of inhibitor-free modeling clay 
around the edge of the back of the original. 
Press the back of the orlginal firmly onto the 
molding box base. Remove all excess clay. 
Mark the position of the original on the base. 

Step 4. 

Coverthe original with aluminum foil or plastic 
wrap. Then apply a l/&inch layer of Inhibi- 
tor-iree modeling clay over the aluminum foil 
or plastic wrap. 

nal. Pour a backing material, such as plaster, 
. urethane resin, etc., lnto the box untll it is 

full. Allow it to set untll fully hardened.Tfils is 
usually referred to as the "mother rno[d." 

NOTE: Fiberglass-reinforced polyester 
can also be used to make lightweight 
counter molds or one- and two-part 
glove molds. I 

Prepare a molding box with sides. base and 
lid of wood. plastic or metal, making sure 
there is a minimum clearance of 112 inch 
around the original. 

Disassemble the box. Llft off the mother mold 
and make one filler hole and several 
air-escape holes In It. Remove the clay and 
the aluminum foll or plastic wrap from the 
original. 

Put the mother mold and the reassembled 
box back in position ovar the original. Pour 
the silicone materlal slowly lnto the filler hole 
in the mother mold. Contlnue pouring until 
silicone material comes up the air-escape 
holes. , 

Step 8. 
Cure for 24 hours at mom temperature. 

Step 9. 

Disassemble the box, remove the mother 
mold and peel the slllcone rubber from the 
original. 

Wrap the original in aluminum foil or plastic . 
wrap. Fill the box with presonened clay. Em- 
bed the origlnal in the clay up to the pre- 
established parting line. 

Step 4. ' 

Cover the visible half of the original with a 
118-inch layer of lnhibltor-free modeling clay. 
Insert alignment pegs into the clay. 

Step 5. 

2 
Pour the backing material over the original 
until It is completely covered. Allow it .to set 
until fully hardened. 

I .: Continued on nevt page 



TWO-PART GLOVE MOLD Continued 

Sisp 6. 

Disasss...ble the Lox. Utt off the mother mold 
and IKi.'.:.. onE :v.: hole and several air- 
escape t~oies in a. 3iscard the layer of clay. 
Remove the aluminum foil or plastic wrap 
from the exposed haif of the original. 

Step 7. 

Put the mother mold and the reassembled 
box back In position over the original. Pre- 
pare the molding material and pour it slowly 
Into the filler hole in the mother mold. Con- 
ti nu^ pouring until silicone material comes 
up the air-escape holes. 

Stsp 8. 

Cure for 24 hours at room temperature. 

Slep 9. 

I I U 

Invert the box and' disassemble i t  Remove 
and discard the clay filling half of the box and 
the alignment pegs. 

Slep 10. 

Reassemble the box and apply a release agent 
to the inside. Cover the visible half of the 
original with a ID-inch layer of lnhibitor-free 
modeling clay. 

Step 11. 

A 

Pour hacking material over the original until 
it Is completely covered. Allow it to set until 
fully hardened. 

Slep 12. 

Disassemble the box. Uft offthe mother mold 
and make one filler hole and several alr- 
escape holes in it. Discard the layer of clay 
and the remaining aluminum foil or plastic 
wrap. 

Step 13. A 

Put the mother mold and the reassembled 
box hack in position over the original. Pre- 
pare the molding material and pour it'slowly 
into the fnler hole In the mother mold. Con- 
tlnue pouring antil sillcone material comes 
up the alr-escape holes. 

Step 14. :I 
Cure for 24 hours at room temperature. I 
Slep 15. '. 

Disassemble. I 
Step 16. 

To prepare the mold for casting, drill two or 
more holes through It. The casting material 
will be poured into the mold cavity through 
one hole and the air will escape through the . 

5Z Silicone Moldmaking Material 



Casting into a Making a brush-on skin mold 
sil icone glove mold 
JNE-PART GLOVE MOLD 

Step 7 .  1 Reassemble the glove mold in the mother 
mold in the molding box. 

I 
Prepare the casting materiat according to the 1 manufacturer's instructions. 

I 

I 
, 

I 
With the mold on a flat, level surface, pour 
the casting rnaterfal slowly into the mold, 
holding the container of casting material as 
close to the mold as possible. Brushing, vi- 
brating or gently shaking will help to ensure 
that the casting material flows into all the 
crevices. 

Step 4. 

When the casting material has set, remove R 
from the mold using firm, even pressure. 

TWO-PART GLOVE MOLD 

Replace the glove mold in the twa halves of 
the counter mold and clamp them firmly to- 
gether. Proceed as for a two-part block moid, 
described on page 4. 

. 

Step 1. 

Prepare the original. 

Step 2. 

. Paint the original with a thin precoat of base 

Step 4. 

Using a brush or spatula, cover the precoat 
witha 114- to 318-inch layer of the thixotropic 
coating. If the original is large, it is advisable 
to prepare the thixotropic coating in several 
hatches, applying it to one section at a time. 

NOTE: To smooth the surface of the 
thixotropic coating, dip a spatula in 
DOW CORNING 20Wfluid, 50 cs, and 
groom the surface. Or wet a wash 
cloth and tap the surface of the skin 
mold to flatten the peaks. (The extra 
moisture will aid in the cure of tk tin- 
cured rubbers.) 

Slep 5. 

and catalyst mixture. This coating should be 
applied by brushing, and, to ensure a void- 
free coating. the mixture should be de-aired 
prior to use. 
If air bubbles form during appllcation of the 
RTV mateflal, break them with a light air 
spray or by hand. 
Cure at room temperature until the surface is 
tacky. . 

the coating will become tacky much. 
faster. This also will result tn a thicker 

Step 3. 

Prepare a mixture of thixotropic rnaterlal fol- 
lowing the instructions supplied with the 
product. 

R Thlxotropic Material 

Cure for 24 hours at room temperature. Sup- 
port the skin mold with a counter mold of 
glass-fiber-reinforced polyester, plaster or 
urethane foam. 

Conlinued on nektpage 



Casting a brush-on 
skin mold 

BRUSH-ON SKIN MOLD Continued 

Step 6. 

Carefully remove the counter mold and place 
it securely on a horizontal surface. 

Step 7. 
Peel the rubber from the original. 

Step 8. 

Reassemble the silicone mold in the counter 
mold. 

I Silicone Moldmaking Material 
Be Thixotropic Material 

Step I .  . . 

Position the mold in casting position in its 
counter mold. Prepare the casting material 
according to the manufacturer's instructions. 

Step 2. 

Pour the casting material slowly into the mold. 
holding the container of casting material as 
close to the mold as possible. Brushing, vi- 
brating or gently shaking wlll help to ensuie 
that the casting material flows into all the 
crevices. 

Step 3. 

When the casting material has set, separate 
the mold from the casting using a firm, even 
pressure. 

Step 4. 

L\ 
Smooth any rough edges by light filing or 
sanding. 

D m  Corning bellcvcs that rhe information in  his 
publiarion is an nccuriilc d&ption of the typical 
c b c u a i s d n  und/or uses of h c  producr or 
pmdum, but it is your mqmdbZtp to thoroughly 
rm rhe e u c t  in yotw specific appUcuion rn 
d e k m h c  in performance, ficacyand safq. 
5uggcstiom or- bould not be as 
induemcnu to hHngc any pariicufarpuen~ 

D m  Cau'ngL a tcgirtercd nadmark of 
D m  Carning Curpoadon 
01997 Dow Corning Capmation. 
ALI righrs lrscwcd 
Printed in USA -. Form No. fC-587-95' 

Dow Corning Corporation 
Midland, Michigan 486864994 
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PRODUCT DESCRIPTION 

RTVI02, RTV103, RTV106, RTV108, RTV109, RTV112, 
RTVI 16 and RTV118 one-component, ready-to-use adhesive 
sealants are extremely versatile. They cure .to a tough, 
durable, resilient silicone rubber on exposure to atmospheric 
moisture at room temperature. Acetic acid vapors.are released 
from the sealant surface as a by-product of cure. 

RW102, RTV103. RTVl08 and RTV109 sealants are stan- 
dard strength paste consistency products which can be appIied 
to vertical and overhead surfaces where pourable/self-leveling 
sealants are not practical. 

RTV112 and RTVIZB sealants are self-leveling products 
which are preferable to paste-consistency sealants when flow 
into small crevices &d hard-to-reach places is desired. 

I - RTV106 sedant is paste-consistency sealant; RTVll6 sealant 
\ ... 

is a self-leveling sealant; Both RTV106 and RTVl16 sealants 
are standard strength high-temperature sealants. 

RTVlOZ White General purpose 
RTVI03 Black pastes 
R W  108 Translucent 
RTV? 09 Aluminum 

RTV 106 Red High temperature 

APPI-ICATIONS 

paste 

Product 

RW116 Red 

Features 

High temperature 
self leveling . 

Since all these sealants utilize a moisture cure system, they 
must not be used'in thicknesses of greater than 6mm (114 in.). 

Where section depths exceed 6mm (1/4 in.), GE Silicones 
twoxomponent silicone rubber compounds are recommended. 

KEY PERFORMANCE PROPERTIES 

One-component products 

C a p a b i l i t y  to cure at room temperature and ambient 
'humidity 

a Self adhesion properties 

Low temperature flexibility 

High temperature performance 

Excellenr weatherability and ozone and chemicaI resistance 

a Excellent electrical insulation properties 

Potentiai Applications UL ( ~ o o d  contact 1 
- - -  

General purpose bonding, sealing, electrical 
insulation. formed-in-place gaskets. Can be 
applied to vertical or overhead surfaces. 

Sealing heating elements, gasketing, elecmcal 
insularion. and orher critical banding and 
sealing applicarions where parts must. perform 
ar high temperatures. Can be applied to vertical 
or overhead surfaces. 

- - 

File 36952 

File 36952 

- 

FDA 21 CFR 
1772600 
USDA 

NSFStd. No. 51 

FDA 21 CFR 
177.2600 
USDA 

NSF S L ~  No. 5 1 

Thin section potting, filling s&11 surface voids, 
protective coating, electrical insulation where 
high temperature performance is required 

These sealants are not for use in deIicate eleclrical and electronic applications in which cornsion of copper. b m s  or other sensitive metals is 
undesirable. 

R7V1 I2 While 
RTV 1 I8 Tmnslucent 

File 36952 FDA21 CFR 
377.2600 
USDA 

NSF S td. No. 5 1 

Thcse sealants went not designed for and should nor be used for applicarions intended for permanent implantation into the human body. 

General purpose 
self leveling 

ElecmcaI insulation, thin secrion poning. 
protective coatings. Will flow into small 
crevices and hard to reach places. 

File 36952 
- 

FDA 21 CF 
I772600 
USDA 

NSF Std. No. 5 1 



NPICAL PRODUCT DATA 

I Uncured properties 
Consistency 
Color 

Viscosiry. poises 
Application Rate, @Imin) 
Specific Gnvity 
Tack-Free Time, min. 

fflV108, RTVlO9 
Pakte 

RTVl02 White 
RTV103 Black 

RTV108 Trimlucent 
RTV109 Aluminum 

- 
i 400 

1.05. 
20 

RTVlO6 
Paste 
Red 

Self leveling 
Red RTV112 Wire  

RTV 1 18 Translucent 

Cuwd Properilesa 
Mechanical: 
Tensile Strength, kg/cm2 (lb/in? 
Elongation. % 
Hardness. Shore A 
Tear Strength. kdcm Oblin) 
Shear Smngth k ~ c m 2  Obfin')" 
Peel Srength, kg/cm (lb/in)"' 

Electrical: 

Briltle Point. "C (OF) . 

Maximum condnuous 
operaring temperature, OC ("F) 
Maximum intminent 

RTVIOP, RTVlO3 
RN108, RTVl09 

28 (4oo) 
450 
30 

8 (45) 
14 (200) 

Dielectric Strength, 
kvtmm (vlmil) 

Dielectric Constant @ 60 Hz 

( Dissipation Factor @ 60 Hz 
Volume Resistivity. ohm-crn 

I Thermal:ln 

7 (40) 

Linear Shrinkage, % 
Thmal Conductivity, 
dlsec/cm? oC/cm 
(Btuhrlft:, "FIR) 

Coefficient of Expansion 
cmlcm, "C 
(idin, "F) 

RW106 

26 (375) 
400 
30 

7 (40) 
14 (200) 

7 (40) 

20 (500) 
2.8 

.DO I 
3xIOU 

operating temperature, OC (OF) 
Additional  information:^* 

'I' Cure umc 3 daysP-5C (77F)/5D% rebivc humidity. At 100% cohesive failure using 1 in. x 8 in. stainless steel screen at 180" pulI angle 
I:' Ar lOD% cohesive failurr. Informadon is provided for customer convenience only. l b e  properdcs are not ~ r a d  on a mutine M. 

20 (500) 
28 

.001 
3x10" 

SPECIFICATIONS 
Typical property data values should not be used as specifica- 
tions. Assistance and speciiicafions are available by contact- 
ing GE Silicones. 

!NSTRUCTIONS FOR USE 
Yurface Preparation 

RTV102, RTV103, fZTV106, RTVlO8, RTVlO9. RTVI12, 
RTV116 and RTV118 sealants will bond to many clean sur- 
faces without the aid of primers. These surfaces SypicaIIy 

r 

RTV116 

. 25 (350) 
350 
20 
- 

7 (125) 

260 (500) 

include mauy metals. glass, ceramic, silicone rubber and some 
rigid plastics. These adhesive sealant products will also pro- 
duce fair bonds to organic rubber and to some flexible plastics 
not conraining fugitive pIasticizers (which migrate to the sur- 
face, impairing adhesion). An evaluation should be made 10 
determine bond srrength for each specific applic~on.  For dif- 
ficult-to-bond substrates, use of a primer is suggested. Primers . 
SSi.004, 584044 and SS4179 are recommended for use with 

' 

these sealants. (Complete information and usage instructions 
d l  

for these primer products are contained in a separate producr 
data sheet, CDS 1532). 

RTV112, 
RTVl18 

23 (325) 
325 
25 
- 

7 (Ioo) 

315 (600) 315 (6001 260 (500) 



'Where adhesion is required, surfaces should be thoroughly 
cleaned with a suitable solvent such as naphtha or methyl 
ethyl ketone (MEK) to remove dirt, oil and ,gease. The sur- 
face should be wiped dry before applying the adhesive 
sealant. 

When solvents are used, proper safety precautions must be 
observed 

Application and Cure Time Cycle 

Paste-consistency products may be applied directly to clean or 
primed substrates. Where broad surfaces are to be mated, the 
sealant should be applied in a thin, less than 6mm (114 in.) 
diameter, bead or ribbon around the edge of the surface to be 
bonded. 

Fiowable products may be applied to clean or primed sub- 
strates -by pouring directly from the original container or dip- 
ping. These products will self-level on a surface, frIling small 
crevices and surface voids. Depth of potted sections should 
not exceed 6mm (1 /4 in.). 

The cure process begins with h e  formation of a skin on the 
exposed surface of the sealant and progresses inward through 
the material. At 25C (77F) and 50% relative humidity, 
RTV102, RTV103, RTV106, RTV108, RTVf 09, RTV112 
'and RTVl16 sealants will form a surface skin which is tack- 
free to the touch in 15 to 30 minutes. Once the tack-free skin 
has begun- to form, further tooling of the adhesive sealant is 
not advisable. 

Higher temperatures and humidity will accelehte the cure 
process; low temperatures and low humidity will sfow the 
cum rate. ' 

Ai. the adhesive sealant cures, acetic acid vapors are released 
from the sealant surface. The odor of acetic acid will com- 
pletely disappear when curing is completed. 

A 3mm (I/& in.) section of adhesive sealant will cure through 
in approximately 24 hours at 25C (77F) and 50% R:H. Since 
cure time increases with thickness, use of these adhesive 
sealants should be limited to section thicknesses of 6mm (114 
in.) or less. 

Bond Strength DeveIopment 

In addition to the effects of temperature and relative humidify, 
development of maximum bond strength will depend on joint 
configuration, degree of confinement, sealant thickness and 
substrate porosity. Normally, sufficient bond strength will 
develop in I2 to 24 hours to handling of pans. 
Minimum stress should be applied to the bonded joint until 
fuIl adhesive strength is developed. Eventually the adhesive 
snength of the band will exceed the cohesive strength of the 
silicone rubber sealant itself. Always allow maximum cure 
time available for best results. 

PACKAGING AND DISPENSING 

Collapsible aluminum tubes may be squeezed by hand or with 
the aid of mechanical wringers which allow more complete 
removal of material from the tube. Air-operated dispensing 
guns may also be used witb aluminum tubes and o?fer the 
advantages of improved control and faster appIication for pro- 
duction line use. The sealant may be dispensed from caulking 
cartridges by using simple mechanical caulking guns or air- 
operated guns. Air-operated guns will allow greater control 
and appIication speed. Both tubes and cartridges easy to 
use, can be put into production quickly and require minimal 
capital investment 

Note: Do not exceed 45 psig when used in air-powered caulk- 
ing guns. 

Bulk containers require a larger initial investment in dispns- 
ing equipment, but offer the most economical packaging for 
voIume production. Bulk dispensing systems are air-operated 
extrusion pumps coupled to hand or automated dispensing 
units. Pumps which are specifically designed for pumping 
one-component RTV silicone rubber have TEFLONa seals, 
packmgs and lined hoses to prevent moisture permeation and 
pump cure problems. Specific details on dispensing systems 
and manufacturers are available in a separate GE Silicones 
RTV Silicone Rubber Equipment Guide (CDSI541). 

CLEAN UP AND REMOVAL 
Before curing. solvent systems such as naphtha or methyl 
ethyl ketone (MEK) are most effective- Refer to solvent use 
warnings in the secrion on surface preparation. 

After cure, selected chemical strippers which will remove the 
silicone rubber are available from other manufacturers. 
Specific product information may be obtained on request 

FDA STATUS 
RTVLOZ, RTV103, RTV106, RTVlOE, RTV109, RTV112, 
RTV116 and RTV118 sealants can be used. in food contact 
applications where FDA regulations apply. Reference 
CDS4319 "Food Contact Applications, Silicone Rubber 
Compounds", for specific regulations, limitations anii condi- 
tions of use. 

USDA STATUS 
RTV102, RTV103, RTVI06. RTV108, RTVI 09. RTVl 12, 
RTV116 and RTVll8 sealants may be used on equipment 
which may contact edible,pioducts in official establishments 
operating under the Federal meat and poultry produas inspec- 
tion program. See USDA letter of Authorization. 

NSF STATUS 
The National Sanitation Foundation lists RTVlO2, RTV103. 
RTVlO6, RTVI08, RTVlO9, RTVl12, RTVll6 and RTV118 
sealants under NSF Standard No. 51 (Plastic Materials and 
Components for Use in Food Equipment), as satisfactory for 
use on food contact surfaces. Refer to GE bulletin CDS4319 
before use. 

RTV adhesive sealants from GE Silicones are supplied ready- 
$0-use in colIapsible aluminum squeeze tubes, caulking car- 
tridges and in bulk containers. 



UL STATUS HANDLING AND SAFETY 
RTV 102. RTVl03, RTV106, RTV108, RTV109, RTVl12, These products are manufactured and sold for industrial use 
RTVI 16 and RTV118 silicone rubber adhesive sealants are only. 

coaized by underwriters Laboratories, he.,-under their :Material Safety Data Sheets an available upon =quest from 
3 

Component Recognition program (UL File No. E-36952). GE Silicones. Similar infomation for solvents and other 
Refer to CDS4320 for additional information. cilernicals used with our products should be obtained from' 
MILITARY SPECIFICATION your suppliers. 

P ~ I L - A - ~ ~  I om STORAGE WARRANTY PERIOD 
Group I Type I General Purpose Paste When stored in the original unopened containers in a dry loca- 

R m 1 0 z  RTV103, Rm108,  RTV109 tion at temperatures less than 27C (80F), RTVIOZ, RTV103, 
. Type II General Purpose Rowable RTV106, RTVl08, RTVl09, RTV112, RTV116 and RTV118 

RTVl12, RTV118 sealants offer a storage-life of up to one year from date of 
Gmup Tll Type I High Temperature Paste shipment from the manufacturer. 

RTV106 
Type II High Temperature Fiowable 

RTV116 
Testing for referenced MIL Spec is performed in accordance 
with current GE SiIicones quality test methods, laboratory 
conditions, and procedures, frequency and sampling, which 
are not necessarily identical with the methods, conditions, . 
procedures. frequency and sampling stated or referenced in 
the listed specification. Any certification will be limited to 
listed properties and will not impIy or stare conformity to any 
other aspect of the referenced specification, including but not 
limited to marking. packaging. bar coding. testing. or, sam- 
pling. Contact GE Silicones for a comparison review. 

AVAI LAB1 LITY 
GE Silicones rubber sealants may be ordered from GE 
Silicones, Waterford, NY 12188, the GE Silicones Sales 
office nearest you or an authorized GE silicone product dis- 
trjburor. 

GOVERNMENT REQUIREMENT 
Prior to considering 'use of a GE Silicones product in fulfilling 
any Government requirement, contact GE Silicones 
Government Programs Office. 

MrrED WARRANTY 
GE Silicones warrants that its product will conform to GE Silicones' i n t e d  Specificarions at the time of application or use, provid- 
ed that the product is stored in accordance with GE Silicones' recommendations and used or applied before the earliest of (I) the 
"Wse'Before Date" indicated on the product package, (2) one year from date of shiprnene. or (3) expiration of such other period or 
recommended storage rime stated in the GE Silicones' literature for the product If notified in writing of a claim within six months of 
the product's use or application, GE Silicones will, at its'option, replace or refund the p k h a s e  price of any GE Silicones.product 
which d m  not satisfy the foregoing warranty. 
THE FOREGOING S H A L L  CONSTITUTE THE SOLE AND EXCLUSIVE REMEDY FOR DEFECTS OR FAILURE OF 
THE PRODUCT, AND THE SOLE AND EXCLUSNE LIABILITY OF GE. THE WARRANTIES STATED ABOVE ARE IN 
LSEU OF ALL OlTER WARRANTIES, WlUTiEN OR ORAL, STATUTORY, EXPRESS OR IMP=, INCLUDING ANY 
WARRANTY OF MERWNTABlLITY OR FITNESS FOR PURPOSE 
LlMITATION OF LIABILITY: GE shall, in no event, whether the claim is based on w m t y ,  contract, torL strict liabflity, negligence 
or orhenvise, be liable for incidental or consequentid -a, or for any other damages in ex'- of the ~ o u n t  of the purchase price. 
NOTE: For many products, GE SiIicones may be able to offer a more extensive, application specific warranty. For further infor- 
mation. contact your GE Silicones field representative. 
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trxtal NYL-1 an epoxy and 
' m t i t e  350 an acrylic 
adhesive have been evaluaLd 

EVALUATION OF fMTAL NYL-1 AND ID(1TITE 350 ADHESIVES EDEt GLASS -TICN , 
S M Bradley, 

in the coneemation of 
L 

glass, particularly' the . !- 
During 1961 anrl 1902 several epoxy and plyester resins were evaluaa for m d a d  vase at Tbe Brit ish 

msteum. The resulta of ue-e in the eonsenmkCan of glass at The B r i M  U. The reaulh of i 
aeceleratd age* of the the accelerated ageing tests carried oirt at that the ahwed that - 
adhesivm mfng light ard heat . heat at. 70.C for 28 day6 caused w t e r  yellming of sanplezt t.han . 

-e tn an intense daylight spectnnn lamp for 2000h. Since the mts ageing reg* are 
-1 u a ~  fcund to have of the tests were r e p 6  (1) the sanples have h expx& on a in 
@ ~ l a u r  atability to light the author's labarabry and aubjeet to th= normal Qily cycle of MW 
ageing la& p r  atability to daylight:, artZkhl light and night tire. In the intervening seven y w  ' 
heat ageing. ft j9 reversible ' the heat aged sarrpla which were yellowed have renabd 
using solvenb3. The colour 

lnrhansed' 
hdkathg that the reains yellm to a finite e r b n t ,  the light a& . 
sarrplea have darkened b an stat. gimilar to the heat aged -lea, a d  diZihi af 
the control -1- ban, yellaEd tx an extent which ia in-b of Kxtaf reain was also 

;inveskigated. ~ r v t i o n  af between the initial cal~urs of the light and heat aged san-ples. : 
pi+znkd resin was f d  to rermlb have led the author to mnclrde that the  reaulta af k t  ageing . 
be -cult, the * rmst be adde r& together w i t h  the r d t a  of light ageing h 
irmwtiga* exhibited m evaluating the wlour stzhility of r e a h  wing accelerated ageing M. , 
fz&q dumg l ight age%. AItfiough mtural ageing m y  be a Buperior met3-d of amwmnt ( 2 )   ti^,= ' 

Locute 350  as f d  to considerations favour accelerated ageing tests. 
@law slightly during both 
light and bt: ageing ard to ' lbkd &-1 and kckite 350 acrylic adhesives bm heen evaluated for ; 
be reversible using solvents ' general use in t 2 ~  ~0nservaki.m of glass in The B r i e - a n d  ; 
f o l l d  by x r d ~ a n i d  specifically for use in the casemation of the Portland Vase. Accelerated 1 
m v a l  . heat and light ageing regirts have hem med U assem the a t a b i l L t y  of . 

H x t d  NYL-1 a -tam cxnpnent e p s q  W v e  am3 W t e  350 a light curing i ' 
I acrylic adhesive. tIxtel NYL-1 was intmdwd into consenmkion a 

1982-83 by Mr H aillary (41. It was reprted to be a lcw S t y ,  ! 
mlourless, eolwr gtable adhesive suitable far use as an adhesive for 
g b .  The resin waa described as an hydrcgemted e p o q  resin and the . 
hardener as a polyoxypropylene triadm hardener with imikmle d e r a t o r  . 
( 5 ) .  C u i n g  I3.m waa r e p o w  to be 20h b 7 days at ambient -tame. 

I 
Iactite 350, a li&t cluing acrylic adhesive was developed for use' w i t h  : 
glags and in- into conservation a h a t  tm years ago. The one ! 
earp~nent, m s 3 . m  vhcmity, H F e d  ~ ~ c r y l i c  ester adhesive (6) is 

. axed by ultraviolet l i q k .  A join  ha^ to be ~ f d y  aligned before the ' 
light scxme is is along it as the adheaive cures w i m  seands. 

The effect3 of Ught ard heat ageing on ease of revedbiIity and cafour 
atability W2l-e determined. Fourier transE0m infrared ~ a p z t m 3 c 3  m ; 

used to investigate t w  ba- of  ExtA -1 -lied by Hc .ZUllary ad 
the eEf& of ageing un .the cured adhesive. The adheaivea were also . 
evalmtdforuse in thecanservat$anaftkePortlandVage (7) andfor tkirr ' 

pups: the effect -of ageing on pigrented ~ a r r p l e s  of B x b l  NYLl was 
I detemmed. The tenalle &rength of joins  p ~ v e d  w i t h  both adhesives wae : 
I in-gatedi 

. . 
EXPEWMENIlRL 1 

Sarrple P-kion I 
sarrplee were prepared on mi- slides which had been &grscA with 1 
acekm. T h e a d b e s i ~ w e r e s p r e a d m b ~ s l ~ b f o m t h l n f i - l m s a n d  ' 

i 
Rxtal NYGl 

' l k b a t r b e s  of H x t a l  NYL-1. were received. Batch I was mixed 4:1 ,  ! 
resin:hardener. BaM, I1 was said to have been i.wroved by charcaal ! 
filtration of both ehe resin and hardener b inprove -the coicur, and ! 

batch was in tk W a ~ t z r i c  ratio of 311, reain:bdq= (5). ! 

mtch I of th. - adbsive uaa often used pre-aeceleratod by the 1 
c o ~ t o r ~ .  The 'min was p r e - a d e r a t d  by hedm it above a bealcer ; 

:of boiling water £or 15 mirmtes ' ' arasionally . The e£f& of thia 
heating urn to apesl up Up rate%%%g to appr~~ irn te ly  24h. Therdore 1 
two sets o£ q l e s  w e r e  prepared, one by mixing the b oarponenix aa 
s u ~ l i e d ,  the other by mix ing  pre-accelerakd resin hacdener. Batch 

. IT th tl.M adhesive - - -lid o d y  follaring aiscuaaio- i 
w i t h  Mr Killary (51 w h o  suggested tha t  w i n g  a t  43'C after mixing the i 
r e s i n w a r l d r d t i n a o l r i n g & o f 2 4 h w r e o r l e .  ! 

1 



, Picpnented Hxtal NE-1 
1 n ~ a  metkds of preparing tr-wit coloured fills in mlcurd glaaa were : cbmidczred. Zhesf? uem mddng the f i l l  frun clear resin and pain- 
' 

exkmal surface of the .EL11 with a pigrented lacquer, or adding pi-t to 
' the rein so that the fill would be wlotved thmughout. ?he latter 
1 amroach waa W h t  be mre d b b l e  far use with a highly =loured 
; glass. 

1 A deep cobalt blue WE mzeihi and p f g ~ ~ ~ t a  currently i n  use in the 
: and ~ l a a ~  Section were selected for mfxing into the Hxtal NYL-1. reain i ~ ,  
: pypare a suitably c o l d  resin. Mixing the =lam inta tfie 6  as 

d u Y k d t ,  a d  it beam a m t  that f3m p i g w i t s  wxld mt 
using any a€ tba stirring ficiUtha available to tbe s e c b .  The reason 

i f a  this u a ~ ~ d i a ~ ~ t b a v i ~ ~ ~ & t y o E t h e r e r t i n b e i n g b l ~ t o d  
i d ~ ~ p i ~ .  

: Mr W a r y  p m k e d  three pig~enkd'sarrpleq of resi~ using.Phthalocyanine 
: blue, -last: blue a d  Ray cmxbm violet prepared by muing 3n a high 
. speed Herder or a ballmill far up to 2&, uaing clear W N Y k l  Batch II 
: which bad h t e d  to 49.C. A l l  the wzre o@cally dense ard 
! the cabalt blue d o u r  repired was finally a b M  by miring Iirrtal 

containhg Keyplast blue BC;P and KqIoxaxine d o l e t  w i &  c l e  h x h l  prior 
to ntiring the resin w i t h  the hardener. Sauples of t b  different col~ure 
w e r e p ~ b y p a i n ~  ~ r e s i n a n d h a r d e w o n ~ m i c r o s c D p e  d i c h  

w i t h  acetone. Fooling on t b  slides ocarrred which w a ~  prevented 
I by- w i t h  ~oapandwater. 
1 

i mte 350 
Lcct2.W 350 adhesive was apread on &pic slides tn form a thin film 

i and ex@ to a F1exlaL.c t y p  WISl01 lanp for 90 8emnds. The m&aca af 
: tbe adhesive did not fully are. S i l h  r e l ~  paper kas pressed 
; ag&& the parUally wed mrface before exps.yg the -lea to tb 
i 3 i g h k ~ f o r a f u r t b e r 1 S ~ e ~ o n d s .  l!hi.~resultedmfullcuringofthz 
: Eagles. 
1 
! J* 
I Test johm were p- using W -1 and Irdite 350 in mierosmpe 
I dide~whi&hadb=en&inWwithaglaascrRter .  TheedgesoE the 
. slides were degreased wing aEetone prior to a ~ ~ f i c a t i o n  a£ rbe 
: A v e .  Elrtal HYLl Bakh I was used predera tedard  as -lied. 

Heat ageing was carried out: tn sindate agekrg in the dark, the v f e s  
baing placed in an oven at 70.C for 28 days. Light a&ng uan carried out: 
in a M b m m a l  Light P w  w i t h  a daylight Bpectrum 1- and wan 
contint& untu the q 1 e s  F 3 b 4 d  stgns of ydlowifig whenemnind. 
Khxilly.  

Evaluation testa 1 

Reversibili 
% rev&* pf tbe -1s wa~~  assessed rpditatively bdom and 
a t b r  ageiw bu jnmzsfng £rawb of coated mkmsmpz alides in acetone, : 
toluene; &do& a d  -£man in d e d  -la tubes for 
24h. Since nei- -1 or W t e  adbeaim dismlved in the solvents the 
reve&MEb was by the extent to which the adheaivew 
separated fran the glaw3. 

Cblour 
h col- of tha -les before a d after ageing k y  debmhed by j 

their W-dsible re4lecbmz -es m a  P e r h  Elaer ; 

55- W-vbihle sp@x&atare fitted w i t h  an hbgrating sphere. Ihe : 
V a* b* cwrdinate~, ardhew=daurchange (PEI, wereca lcu la tedh  : 
the spectra.& was calenlated usinq eqrraem 1 ! 

j (1) 
I 

I 

: v. ard blf are ocadirmtes for the control sarrple 

. L*;! a2* and 4* are coordinates far aged q I e .  



... t :, . ..... , .I 1:t..-,- :. . I .  i ., , . Fourier Transform Infrared specha 
, , I  : : A The Fourier bandorm infra red (ET-XR) ~fpdXm of * Hxtal NYL-I 

a k i v e a  were obl-ained wing a perkin Elm b b d d  1700 Fourier Transform 
I* Red spedmw*. me m-fR spednm of the uncured m a  m i l l  . 
hardener and cured c o n q l ,  l ight aged a d  heat aged saqles w e  ob- 
b e t w e n  4000 and 4pO an- . The apeCtra Were used to ckeeme dhY- in 
the ckmktry of tk two batches of tlxtat -1 adhesive and diff- 
&t.ing f w  ageing of the adkaives. 

The m i l e  strength of the joins was meamred wing a JJ Lloyd d l  E003 
bench tmp bzmile testjng ma5.m. The m i l e  strength of fh join w 
calculatd using equation 2. 

' 2  Tensile skerqkh Farce Nn (21 
area 

The vatiability mefficient d the meaaurementa waa calculated. 

: -Xi- 
- % results of & m i b i l i t y  te&s on batch 1 of th adhtaive are shown 

j, Table I. The teats were not repaw for batch II of the a h i v e .  

. Sanple Solvent 
Acetone Toluerra Diehloremethne T&dqdrofumn 

Light age3 Nu && Sepratjan SePva- 

The adhesion of W -1 b glaaa was f d  ~ be revenaible in 
W o r n t h a n e  and te- tath &re and afhw ageing. 

cblarr 
T h e m l ~ r s t a b i l i t y o f  b a k h I a n d I I o f  lixtal NYL-lbageingvm-. 
%= W visible speftrra for all sanplea of -1 bat& I are dmm jn 
Figure 1. 2he curves and tbe vrsual assemmmt irdicate that d y  very dight  
yellaring of the adksive -red u k n  . L X  i n  tbe l igbt  £asbess tester 
for 2000h. Severe yellowing oervrred to heat aged saaplea which were f3en 
expssed in the l i g h t  fasbem tester to d e k r m h  yelloKing was 
mernib1e by bleaching. Typical curves okdnzd  for reveraFon d tbe eEects 

. . of kat ageing on.l%dA -1 batch I are d m  abDwn in Piw 1. 

TheCXE?2a*b*~0&tescalculatedfraatkcrwesardtlm mlav change 
AE are &om i n  Table 11. 

(=IE A E  

L* a* bf 

EWXL MCL-1 Batch I 
, ambl 90.287 -0.483 1.096 

L I l i g h t  aged 90.530 -0.4880 1.039 0.249 
beat aged 88.732 -4.742 13.041 12.775 -- & expized to l i g h t  361h 89.613 -2.744 6.989 6.348 
& to light 4561h 90.471 -1.054 3.230 2.209 

.ve*.-c;* a- m m%-1 Bakh  1. 

..:--a :PREAccmmmm 
" - m*l . B r . i  

90.761 -0.510 1.061 
: i : light aged 91.2lJ. -0.722 1.471 0.644 
i - .  k t  a& 88.440 -5.720 17.297 17.208 
* ;, & exposed to light 361h 87.713 -1.923 4.374 4.719 

I IHlXL NYL-1 Batch II 
: C a n h l  93.435 -0.288 0 -631 

hm : fight aged 94.097 0.165 0.798 0.869 - Control 93.331 -0.1556 0: 0.471 
, i heat aged 91.990 -3.296 7.627 

,I' ... 7.929 

n.r.7 "r nm n nr.. I .nu .rc.* 
i 

TaaX II 



I .  

. I . .  r .  . .*  :.. . * .. 
... 

The sliw yellwing af ~ r t a l m l  after ZOOOh of light ageing 
i a e l y  with 0th- expoxy ay&am (1) and is gimtlar b results we have 
obtained for tbe yallasfng of -laid B72 in & l i g h t  faatnese tester. 
Both ba- of Hxhl y e l l 4  during heat ageing, k t  this was lesa 
proMtmced for batch II. Pte-accelerathg bakh I c a d  t l ~  H x t d  tn 
yellaw to a greater &tent b5xq bath lighk and heat ageing. Expa* the batch I: heat a@ sanple~~ in tha light fastnem tester d t e d  ~n pma 
reveri3aloftbeydlowingcausedbyheat ageing. Zhe spectrra of 
&anples were several kebem 361 and 456lh exporruce. 
Wimrm rev- r ~ a e  obtained at 4000h erposure and furkher eqamre to 
4561h did not k e a s e  the t=ctent o£ reverml. !them d t s  suggest that: 
exp~aure of tbe~ adhesive b nand daily cycles Q£ light and dark wUl 
result: in mmsyellowing. C a t p r i s o n w i t h  the results of p& ageing 
W on epaxy & " m l i n t h e i q h d m k b n ~ t h t t 3 m  bhl 
-1 adhesive ia likely to yellc~ to a 13010~ hhrreen that indicated by 
light ageing and that in3hted by heat ageing. 

Fourier hanafonn Infladed SpeEtra 
Qnpacisanofthespckaabtainedforthabateh I and batch Tr resins 
suggested that there were adderable differencea bebeen the two. ~ e e  

figurelaardb. It ia n o t c l e a r w b e t b e r ~ r s a s a n  a result of 
, filtration an3 reactkm of the bakb IT resin w i t h  aodirm hh-. Tim 

qxctra of the hardener for lmth ba- v i a  identbA,  Figure 2c. * 8p=ctra of arred s a q l e n  Of batch f and we-accelerated batch 5 wers 
identical, Figure 3a, as were thaa of the beat a d  Light aged -lea, 
Figures 3b a d  3c. A &mge in the xtmzhre glpewd follrxring h k  and 
light ccmmd in the region 1550-1720 an . 'Iko m, 1600 and 
1720 an were pr-t in Wh conkml mnples. !Ik four heat a p d  and 
light aged -lea exhibited pidm at 1720, 1640, 1600 and US0 an- . No 
mbdantidl change waa c b e m d  in any otber prt of t h  m p A r m .  T ~ E  . . sadarie in the  s p z k a  af the aged sanples mggestd that the d t s  of 
the light awl beat activated rectiona were similar, although mnaiderably 

I mra yellowing was apeatent: a~ a result aE heat ageing. This uaa 
premwbly caused by fomtion and mnjugation of dwble bonds in the 
drlxzhxe. 

. Colour . -  I 
B e  d c u r  of t h  -lea on light: an3 heat ageing was I 
d e k m h d .  Light ageing = carried art for l O O O h  and heat ageing for 28 ; 

' daya at 70.C. Tha rendixi of L* a* b* and A E calculatians ate given ;in : 
' Table In. 
- w e  (=IE AE 

L* a* b* 

Phthalocyanine - -1 65.208 -34.807 -35.407 
blue - lightaged 67.425 -32,710 -33.850 3.451 - heat aged 59.429 -43.934 . 7.769 44.978 
Keyplagt blue - ~ ~ n t r o l  46.029 8.464 -70.725 

- light aged 67.830 ' -15.213 -36.352 47.089 - heat aged 45.734 -9.595 -39.461 36.106 
K e y o h  - control 17.017 25.256 -32.964 
viol* - light aged 19.246 61.589 -66.458 + 49.452 - heat aged 24.860 40.025 -46.693 21.636 
Keyblue violet: - contml 27.081 44.883' 64.106 
clear hxtal - light aged 16.922 40.085 .-54.279 14.926 
1:1:2 - h a k  aged 42.056 23.388 -57.977 26.904 

mEm III 
~ r e s u l t s ~ t h a t t b e p ~  redn ~arrples fa& me*poaure to 
light. The -last blm and Reyaxarine violet: a- to be mre &able to 
heat agebg than to light ageing. 

! Reversibility 
Ihe reversibiliQ of the adhesive was aaseased qualibtively a6 l i e a c d d  

. abave and the &ta are given in Table V I .  
sample solvent 

Acetone 'Iblw51e DichIorometha~~ Tekhyt3mhrar1 

. Control softened sc&med swelled swelled with 
and flaked dis* 

Light aged Softened Flaking aiarrqhLDn D i s ~ q t 5 a n  

:Heatdqed  Saf- ~lakinq D i s d o n  .- Disrupkion 
T E E E  





'raking htn account all of the observatima the procedure dmsen for repsir 
o f t f i o ~ r t l a n l v a a e w a s l t o f F r a t t a E k t h e j o l n a u a i n g a p o t a d ~ t a 3 5 0  ; 
cured w i t h  a W light swce. * allowed tbe vase to be mnetructed in ; 
sections and 'eke aligmmt of jdna to be check& before they were Pinally * 

adherd ualng h t d  -1 (batch T I .  Joins which were incorrectly aligned 
were reversed by uaing dichloranetham b mften the Ioctite adhesive. 

adhesive. Gapsintheeabricof t b e ~ s e w e r e ~ ~ ~ ~ i n s p l g m m t e d & ~  
N Y G ~  (batchIII .  Ana~~iabcolourwasachievedwbg a mixture af . 
Keyplaat blw, Key B;a*ine vialet and dear W. T k  vaee has mw been . 
returned to exhibition in Ihe B r i W  wtrere tbe &ects of the 
mmavatbn can be seen (7). 

* merexea 
I 

: (1) Bradley, S.M., aod Wilthew, s.B., !&e evaluation of - plyeater 
and epxy  resins used in the commation of glass, in '~repr inb I 
of IO3i -ttee for Omsewation, 7th Trimdid meeting, : 
ccpshagen, 19fN (1984). i 

, (2) Dam, J.L., testing at the CaMdjan w t h  ! 
Institute,-paat a d  future fn Mhesives and 0m301idant p e t s  1 
of the contdxtbna ta lh Paria Bngmss, 2-8 Segbtkr 1984, ! 

ITC, Landon (1984) 18-2L. 

Cemmks  and C;lass &&ion, British -. I (3) Persod Chmmbatrion Mha K Ncumm, t k n  a comervator in the , 
i (4) WlFston, S.S., m m  ~ N Y L - I , A I C N ~ ~ ~ , V O ~ ~ , N ~ ~ ,  ; 

(1983) 14. ' 

. (51 ' Persanal Cammicatian fran Mr EI Eillary, 1909 RiebereekRd, I - 
Amtin, Teraa 78757. 

6 M t e  P r a b t a ,  Te&&xd InfonaaLion 350, b c b i t e  UK W, 
M t e  IIoldiage, W-r wv Garden CiWr a 7  338, OK* 

Publicaticns a, Ladan (1989) 

i 
(7) W i l l i a t u s ,  N., The &ealdngamIRemakingo£ThePostlandVase,EM j 

1 

I 

Protective clofhing, gloves and goggles should be rnrn when handling Bxtal j r e a j n a n d k u d e n e r a n d k c i d t e 3 5 D a i n c e t b e y c i h a l l c a u s e ~  . 
h r i t a t h n  m y  on areas of btuiged or cut akin. M akin contact: i 
cccura the redn and hardetler struld be reoxwed by wiping w i t h  m l e  ; I 

p a p e r ~ a n d t h e a k j n v a a h e d h a c e p y  water. IE eye oczumi : 
xrigab ~ 1 t h  low prrarrure & water f0.r a t  l a  LfW rmrartes and 
seek m d h l  attmtion.. . I 

: 
w li* sonrce ! 

i I 

. mpreVentexpDsureof~akinal~hands~*we~li* - used 
Eor curing protective gl- shuld be worn when aligning and curing joins. 
~ 9 3 g g l e s a b a r l d b 2 ~ ~ 3 1 1 1 W t Y g l ~ t b e I g h t s s u r c e .  

I w o d d l i k e t o ~ l e d g e t h e ~ p o f M r s S a r d a S m i t h ~  prepce3 tbe 
resin garrples, Mr Jinping Zbarrg*mo~tedtheCYEm-ordFMtesand 
colour changes and Mr H Bill- and Mr N William far on the 
comervation of +AE Po* vaee 





H i  Geneva 

History 
In 1926. the government of h e  Irish Free State appnncned 

one of h a t  country's Foremost arrisrs. Ham. Clarke. to com- 
~nission a stained glass tv-indo\v (or rhe oEices of h e  inter- 
~lauonal Labour Conference of the L e q e  of Nations in 
Grnem. CI-xke \\.as 36 years oid ar rhe dme and ar h e  heignt 
of his career. He \%+as knoir.rr inremationally for his intense. 
decailed and imaginati~e stained ?lass aesiqs. as well as rbr 
his often macabre and bizarre book illusuanons. His ryork 
Synboiist in nacure. showed a Teat originali? in composi- 
don and a masterful ilse of color. 

The Geneva IFi7tdow iF iprz  III \ras to be an official $ft 
from Ireland co the League. Clarke traveled to Geneva to 
esamine h e  sire and s u ~ e s t e d  a suirable locauon in a stair- 
\sell. The gowlernmenr left rhe choice of subject matter to 
Clarke, ivho decided upon modem Irish literamre. and 
with the help of friends Lennox Robinson. \iiIliam Buder 
Yeaa and orhers. be selected 13 \riiters and works to iHm 
rrate: Tile I.Ch?jurm by Patrick Peane. Tile S l o ~  Brozrqit @ 
Bried by Ld!- Gregon.. Saint Joan bp George Bernard Shawv. 
Ph~bqu ojerhe I V e s m  i~m-tii by John Millington Synge. Tlia 
01Aers by Seumas O'Sullican. Tlze Derni-gods by James 
Stephens Juno. ~ l r c  ~ r n w c k b ~ ~ ~ a n  O'Casep, ~ h e ~ r e a &  by 
Lrnnos Robinson. T h  Coutrrcrs (kBhen by LliIliam 3urler 
Yea=. .\Er. GiUzooh bv Liam O'Fld-~em. Deirdre by G e o r ~ e  
Russell (known ns;AEj. -4 Crnrile Sorig by h d d c  Colurn. Tllrr 
.lfu@c Glarses by George Fiemaurice. T ~ I P  It'enveri Cirmre by 
Srr~mas O'klly. and On , \ luic bJ.3mes Joyce. 

!$'c~rk aid not beg-in on t ie  commissiot~ unul h e  end ut' 
1927. [hen proqressed verr slowly. due to C1;uke-s numer- 
t~lu nrhcr commiunrnts fbr ~\indo\ss ;ulci bot)k illusuadons. 

it.eiI ns to the administration 111' the iamilv suineci $lass 
snlciio and decorating firm. E1.m itenfie. Clarke \\*as barding 
3 prvmessiwtely decerioraunc case 11 t' tnberc~~losis. In hlxch. 
1929 his ciocrors insisted ihar he rmvel ro :I sanatorium in 
Slbitzerland lbr con~~lescence. returning ro Dublin over a 
year Iacer. i t 1  May of I(3SO. 10 cr,mplrre tt*nrk on Tllc C>nmrt 
ili'nrlow. I t  r ~ a s  ready ['or \ic\ving bv September when 
President Cusgrove o f  Ireland and o d ~ r r  officials came lo 
examine i t  - 

Immediately. President Cosqrove had misqivings. He 
irrote Chrke. saying char -For severd reasons 1 consider tnat 
it wouid not be desinble ro indude rhe panei which connins 
a representation from the book of Mr. Liam O'Flaher-n..' 
His objecrion to the panel of semi-nude Nelly dancing 
hefore Mr. Gilhoolev (Fiagure 3 may have been both to the 
i m q e y  m d  to the fact that some of O'Flahem's work was 
banned ar char time bv the Censorship Board. His objections 
grew and he soon ivrdce Clarke that. 'the inciusion orscenes 
from cernin aurfiors as represenanve of Irish Iitemmre and 
culture would give gnve oiTence to manv of our pevpie.' 

He \\as hardly alone in that opinion. for as an inteniew 
with Mr. RC. Ferguson. the S e c r e y  of rhe Deparunenr of 
I n d u s ~  and Commerce at che rime and one of the first offi- 
cials to iiew the window. reveals. it was felt by many govern- 
ment o6ciais that 'Nakedness \--& somerfiinq thev we're 
prepared to accept as an ardsnc requirement. bur never 
nakedness which so suggested sex.. . . li%at harm if this win- 
dow could be srnueled out to Genela-but there would be 
no a\oiciing the opposition of politicians. churchmen and 
the ne\S1spapers. -4 nation f m e d  as a Catholic stron,rrnold 
was to be represented as a bizarre almost viciouslv evil pe* 
ple steeped in sex and drunkenness and. yes. sin.' (fiyrer 
3. +. 3 PoI iudy .  there \\as no possibili~ bar the govern- 
ment wt*ould send the ~vindotv ro Genet= 

Ham- Clarke. still in fra$le health and not disposed rtl 

compromise on the window. returned to Switzerland in 
October. irnmediateiy after the viewing, and died there 
rhrec months later. Officially. rhe governmenr never mid 
~>uuight  that it ivas abandoning the projrcr; indeed. he\-  
pzid the agreed sum. in tillI. Huivever. panels were col- 
Ircced. rernportlriiv went on displq. ruld were then piir i l l  

storJFr. Clarke's wiciow. hiarprec. \\.as !'em unhappy ~vitit 
i i~c commission's outcome and tried in min either to grr 
the government to s k d  the windorv to Geneva. which she 
knew ~volrld probablv never happen. or to seil it back LO he;-. 
(n l9:G. after the installation ofzl new governmenr she \+.as 
allotved lo buy the ensemble back for che :mount ori$naily 
paid. Tlxe tvindow rcrnsirlrd in the firnil! until 1938 and. 
for part of that time. ir \cas on extended lo-an to h e  Hugh 
Lane hfunicipd ~ a l &  in DubIitl. 

~nnrinurd on p n p  I 

1; 
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111 I9SS. h e  family sold the window to collector MitcheIl 
M'oIfson Jr. I t  is to be on permanent eshibirion in the 
Miami. Florida headquarters of the ~l~olfsonian 
Font~rtarion. (E;i@rr 6). as soon as construcuon for the new 
lnuseum faciiiy is completed in 1995. It will be pan of rhe 
Foundation's inangum1 show. 'The .bts of Reform and 
Persuasion. 1SE5-1945.' 

ljhile much of the show will travel to sites around the 
U~lired Srates. Europe and Japm. The &leva W'indoru will 
remain in hliarni Beach. The Foundation is dedicared to 
'furthering scholarship. conservation. presen;ldon. educa- 
tion and appreciation of the art and history of the period 
lS55-1943.'.4~ irs name suggests. his impomnr and fasci- 
nating collecuon concenuates on the deconuve and prapa- 
p d a  arts: that is. art that nor made solely for am- sake. 
-4s with the rest of the history of this window. irs sale tvas 

also conuo\lenial. By allowing this po~rerful and liisroric 
piece to be purchased and sent overseas. lost to Ireland for- 
ever. Brian Fallon remarked in Tire Irish Timcs t h a ~  *N7e 
have. quire simply. disgraced ourselves *in.- 
Technique 

.%lthough Clarke \as not the firs1 ro employ h e  techniques 
used in TIEe G e m a  W'induw. he ~ s a s  s recognized master of 
them. The endre ensemble is double-plated. with the ovo 
pieces of glass held in a single lead. one direcdy behind the 
ocher. Plating is often used to obtain a Fearer richness and 
depth of color. or to tone a color. In Clarke's hands. it was ~rsed 
to obtain a much greater \irier;v and inrerrnixrure of color. 

Most of the glass in rhe ensemble is flashed. I!'hFn the 
glass is still a molten gather. a thin layer of one.color is 
placed over and attached to a thicker layer of anocher color. 
This gaher is then blown into a cylinder and subsequenrly 
flattened inro a sheer of glass. Most antique red glass is 
flashed. . k y  color I~oive\*er. can be flashed and a whole , 

range of combinations can be nchicvr&-i-ed over clear. 
red over blue. blue over yellow. md so forth. 

B!, the fifteenth century. ir ivxq realized that n cnftsman 
could remove the layer of flash bv abrasion with a sharp tool 
to reveal the base glass below-a v c ~  labor i~ltensii-e process. 
enabling the artist to Ilave nvo colors on one piece ol glass 
wirhout a necessary lead line. In rile nineteenth centun.. 
hydrofluoric acid rvas used to remove the laver of flash. mak- 
ing it possible to eliminate all or clnly n part of the flashed 
layer. depending on rhe amounr of rime the glass \\:IS espoxd 
to t h e  acid. as tvell as allowing for- mt~cll more subtle and 
~ i e d  tones of color than were possible \slith a b n  ,51011. ' 



lZ:id~ Tllr Gelzr.zln lii'7lciou: an! area rhai \\-as not to be 
touclied by the acid \\-as protecred 1*it1i a Irax resist. ivhile 
areas to be acided irere left uncovered. The glass was eitIie1- 
dipped into the \\-as ii-ith some \\lt.r then being removed. or 
hot ~r.;uc \\+as applied \*enr precisely with a pen. T11e glass ims 
then placed in a hydrofluoric bad1 until h e  proper a i~~ounr  
of flash \isas removed. Clarke \r.ould do this as many as sis 
separate times. adding or remoiing wax resist along the 
tt-ay, in order to obtain many intricatr details a ~ d  \-I c 11011s ' 

shades of colol- dotm lo rhe base. on the one piece of glass. 
In the scene fi-c)n: :Jrrnc, and thr Paycock' (Fibgin- 7) 1t.e 

see die nvo layers of g k s  plating side b!. sicle. 111 Figvl~.S. tllr 
nuo lavers are sucked as the!-\vould he in h e  leads. Bor11 d ~ e  
fronr and back layers hare been acided and the \;~r\.iri~ 
cleptiis ul crrlor can be cluarly seen. T l ~ e  drepesi shitde 01' 
color 112.5 romplerely pm~ecrerl d~ir ing the acidinq pmcr- 
dure: t1w clcar ;ireaq indica~c \ h e r e  d ~ r  flwhrcl 1avr1 hiis 
been cumple~rI!- rernclved. r-rvetllin~ ~1,r colol- ole chc htsr 
$is. Xciding~cith hydrnlluoric :~cid is ;I v e n  lixirdo11s p r c ~  
cedure neressira~in~ a F e a t  cleal oicart. and skill. especiall\. 
for aciclil~fi as clemiled as this (I*-<~qrrt.:r % 10. 11). 

.4frrr'rIir glass \\$as aciclrd. i r  \\.as paiiitecl using silver scain 
ancl i-ju-raus painl. The si1vc.1 suin ci)nsis~\ o l ' i i  si lv~r S ; ~ I  

apl>lied IO h c  plass. Cpon lil-ing in a kiln. it j'nrnis a r~,llnidal 



Gro~; iy  Fit: 

dispersion within the glass. acnmlly sraining cl~e glass fi-om a 
pale    el lo^\. 10 a rich nrst color. depending on the amounl of 
silver stain appf ed. the ability of the base glass to ilccrpt tile 
stain a r~d  the rernperanlre of the kiln. 

For Clarke. the silver srain meant he c o ~ ~ l d  aclci npprosi- 
- macel~ three shades of yellow co clear areas. plus  he mix- 

ture of the ?eIlol\. with whatever his base color I\.;Ls. a*g-aS;lin 
i~lcreasins his palette. This ingrnions use of ~ r c i ~ n i q u e s  
~ieicled him a vel? rich misnue of cnlrlrs. 

\7rreo~1s paint isa misuise ul;l soft. .~;rlnund <lass 11us ;unii 
~lletnllic osides. .After its sQplindon. dne gilzrs is fired in ;I 

kiln at approsimatclt. 1200° F. at ~~hicln poiut t i ~ r  sc~l'r rl:lss 
fl~ls t i ~ s e s  co 111e hear-softenrcl b:~se :,'lass. . ~ i ~ c l  I IOICIS r h r  
~l~rtallic oxides in place on the blse g1;:lns. The tin.cai~s paint 
!\.a?; i~sed ro add the rlcrails :lild 10 I Y ~ - I I I ; L L ~  111~' ;1111011111 I 81' 

l i ~ i x t  c(>il~ii~g r l ~ r o ~ ~ q l i  the g l i ~ ~ ~ .  C%l.kt ~ ~ i ~ p l r ~ ~ - t ~ c l  lx>tl~ ;I 

1wil i111d n bl-~rsh to apply the m c c  linrs. He ;llzo t~set\ OWI.- 

;\I1 nlnrres. frequently stippled ~ v i c l l  stiff IIIIISII ;incl \\.orkcti 
\\irI:ln a ncrdle. Clarke worked with the  it^-rotis p;iinr mucll 
.IS lie did \\.ich pel1 iund ink for his illl~sna~ir~ns. l4is pnir~rin~ 
i:. \.el?. derailed. ant1 by IIS~II!~. the pen. hr \\;IS i~lllc to get 
cricpty lines ~ ~ i t h n i ~ c  ~~rc-rli~lx to  cur ~ X I C ~  :11ici X I K ~ ~ ~ ~ I I C I ~ .  ;IS 

ilc j\,ollld 1l;:lnve tn rIo hnrl-:qt. used hr11s11. 



I tfi ~ o l ~ l  F i p w  7: juno and tltr Pqcorlt  ' IT Scan 0 'CLLF~. 
T11r f~tlo b r r s  oJplnling. sidr l~ +silt. 

Conservation 
The most immediate consen.ation concern was the repair 

of any new breaks in the glass. Myth stained glass consen2- 
tion. he re  is usually the addiuonal concern of what to dcr 
wi th  any previous repairs. The rradiuonal method of repair 
has been either to cover a break ~ i l h  a lead flan, -e or. more 
frequently. to insert an 'H' shaped lead came between hr 
pieces of broken glass. This ofren entailed grozin, -. or 
removing some of the original glass to accommodate h e  
thickness of the heart of the lead. Fortunately. none of the 
breaks in l7w Gemma IGndou, had been g.rozed. some' cracks 
were new and had nor been addressed. three crack had 
been glued what appeared to be a consenation qualiry 
epoxy. and nvo cracks had been covered at some point. 
after fabrication. ~rih a lead flange. 

There were also a number of originaI cover flanges 01: 

the panels. It \-as possible ro distinguish original cocer'lead. 
from later ones by their appearance. The originals were 
done in the same gauge lead as the rest of the paneI. and  
their joints were soldered in the same manner as those on 
the rest of the le'ad nenvork 

Glass which has been deeply acid etched and is ther. 
painted and fired at a high temperamre in a kiln has nume]-- 
01-15 stresses in it which are sometimes resolved b!. the g l m  
breaking, eirher in the kiln or ar some later rime. Ir \\xs appar- 
ent that a number of pieces broke before the ensemble iw 
finished. and rather h a n  redo the many steps of produc- 
tion in' areas where the breaks were not considered i n n -  
she. ~ x k e  decided to simply cover the breaks \\<& flanges. 
-4t other times Clarke would redo pieces which had broken 
in t l ~ e  Kin. 

.%l1 of the original flanges were lef; in place. The nonoriz- 
inal flanges. ho\i.e\ler. were rema\.ed. because tiley had ilot 

been seen and accep~ed by Clarke m d  his a s s i s ~ i i ~ ~  (F#m 
121. Because of h e  internal stresses From the erching ant! 
firing. these pieces had sprung. meaning that they 1111 

longer lined up perfccrly at the cnck. leaving knps beni-ec11 
the n\.o pieces r\.\lich no\\- had ro be filled. This usuall!. docs 
Iinr l~appen tiehen the glass has been e i~l ier  painted 01- 

etched. but the combination of ktching and rhen firing 
increases r l ~ e  stresses and cduses rllc conditioli ro occur-. 

Because rhe pieces \r.ere etched. the colol- fluctu:ttrcl 
pl-eatlv across rhe lengtli (11' tlle c r ~ c k  and the tinted fill 
material had ro alscrj~unp from color. LC] color. as nectssan-. 
111 this case. rhe mareriill hacl to fill. as well as hold. rlle $ash 
rogethri-. HST.kL. ;I co~rsenation quality epos!.. \\.:IS usc.rl 

~ I I ~ I ~ I I I I I V I I  1111 / r t ~ : r t  2' 
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for rhe fills and for any net\. breaks. It \\-as chosen because it 
is water-white. has an acceptable march of the refractive 
indes of tile stained glass and has held up weI1 in I-arious 
aging studies of adhesives. The epox? then overpainred 
iFjLp~l: 131 with cold. or unfired paint to match Lh e original 
iirreous  pain^ 

There was one hole in Panel #6. near the head of the 
minstrel (Figure 14 .  which had been filled in ~cirh an 
opaque brown material. This has now been replaced \\ifll a 
new fill consisting of a thin l a ~ e r  of purple. backed by a . 
thicker layer of li~h-hty udr~ted HXTAL. to match rhe flashed 
purple and tinted @ass. T h e  flashed fill !\-as then over- 
painted to march the  original paint ( F i p r r  151. 

Cleanin: w a s  one of the most impomnt  steps in  the con- 
senation treatment. Clarke's painting ~echniqur involved 
much inuinte cielaiiinp. l\'orking \d.l~ a needle. he removed 
pill pricks of' paint through 1\*hic11 lighr would sparkle b!. 
halation. O v c ~  tinlc. as rhrse filled-in \\.irh a film oidirr and. 
in some places. r\irh an oripi~~al  ow-appIication of put?, 
the \\.incio\\.'s ~l i t t r l ing appearance \+;is q e a ~ l ~  I-erarded. 

\\he11 the gl;al; \\-as remni.er1 from ils leads r'or eiuinp, it 
became app:ii.t.nr that hot11 r l ~ e  glass and the lead \\-ere 
quite scrong ancl r h a ~  o ~ ~ e n i n g  up all ol' the leads frorn rht- 
back foi. cleani~~l,r \\.auld possihle \\-idlout encianyering 
rhe glaw or d;imaging lhc leads. L~ rgc  drips oi orizinal so!- 
der \\.err fo~uicl resting arraiusr ~ l l r  glass under rht ieads: 
rhrse cnn~ribuiccl t tr  srl!nc ol illr In-cnks in ~ h t .  ~ l a s i ' o ~  holcl- 

ing it  back in one comer \chile the rest of the glass could 
move slightly. These solder drips were removed. 

There was quire a lot of din adhering to h e  glass paint on 
the front surface and trapped berubeen h e  n\.o lavers of 
glass. Vlen  the ~tindoic was first consrrucied a linsked oi': 
purr\- tras used to seal the leads. Over dme. the p u t y  brokt 
down. allo~dng dirt and soot to filier in b e n t e n  the 1ayei.s. 
.4 fine fdm of dirt setded on the two interior glass surfaces. 
and cur, d o ~ i n  on the amount of light passing  rough d ~ t .  
glass. Because stained glass is rotally reliant on transmined 
Iighr an!. diminishment of this lighr will lessen the work ol 
art. .b the putty condnued to d n  out, particles of h e  put? 
fell and were mapped benveen tile layers of glass. 

.Q1 the glass was removed from its leads and cleaned. In 
his case. because the painr ~ c a s  in excellent conditidn. tlit 
glass I\-as washed using 'Onus.' a y n r i ~ e i i c  cieiergrnt or 
Sodium Launl Sulkate. then thoroughlv rinsed \\-itI~ disrilied 
wares. Some addiuonal cleaning \\-as done usin? sc;llprl+ 
and fiberglass brushe3. Once back in the ieads. the glass 
panes were apain resealed. .Vi put? oils werc comple~el?~ 
cleaned off tbe gtass. 
\\%en h e  glass \\.as cleaned. smdl amounts of \\.x- from 

rhe original etching process were fbund. as well as o i ~ e  
instance in I'anel $1 in which rhe medium from the silre~ 
stain application had never been removed (Fip~l -r  16i. Sincr 
it is a ye? simple marrer ro \\*ash off this medium. i t  \\as sren 
a\ an indicauoi~. suppol-red b\. accounts of'tht. panel's fahri- 



is could 

~ i n t  on 
wers of 
reed oil 
s broke 
5 layers. 
urfaces. 
u ~ h  the 
.smittea 
work of' 
l e  p u r r  

med. In 
ion. rhe 
..rent of 
ciistilled 
scalpels 
:le glass 
npletel! 

- L-ollI 
= 

le 511r-cr 
;I. Since 
!as seen 
j's f'abri- 

cadon, of the find rush to complete h e  ensemble. =Inal\zed 
in this ligl~t the remaining medium was of historical interest 
and left in place on the glass. 

The signarure is parrially covered by the leacis. It reads: 
"Ham Clarke, Dublin 1930." 
Conclusion 

The sophisdcation and intricay of Harry Clarke's stained 
glass art demand the uunost from the consenaror. In order 
LO do simple jusdce to the panel. rhe consen-ator m&t be 
conversant in a \side of fabricarion and consen-auon 
techniques, yet must be able to meet h e  challenges pre- 
sented nirh a minimum of ego. In the end. the spirir of the 
ori@nal work of art must be presen*ed and conveyed to a 
t\"nole new generation of an lovers and scholars. 

Tlle Geneva TI.i'ndoru~\as the lasc  commission Ham. Clarke 
saw complered. and it is ceminiy one of his masterpieces. 
The Irish go17ernrnent and powerful I-elipious leaders had 
banned some of the aud~ors and I\-orb represented. most of 
\\-horn were it9e11 respected internationall!.. The aud~oriues 
h e n  rejected the lisual interpretation of that\r.ork. a second 
act of censorship. Clarke certainl~ could have expected this. 
!'el he nevertheless proceeded ro challenge Ireland's official 
parochialism. TIre Geama Ili'ndow is the work of a mature 
artist. accomplished in his technique and sure of his \ision. 
In pushing the limits of his cratt. as well as the limits of his 
society's cul~ural mores. he left us an inlaluable l e p q  and 
esample in his windorz tbr the Leape  of Nations. R 
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STAINED GLASS CONSERVATION: A FDZLD IN FLUX 
Mary Clerkin Higgins* 

There are often interesting things .to be learned from studying the losses in a work of art. Why 
did they occur? How have they been treated, if at all? What does that tell us about the function 
of a work and the value placed upon it? While lacunae are an important part of the history of 
a piece, they can interfere with the aesthetic functioning and appreciation of the work, This 
paper discusses loss considerations as they relate to stained glass conservation. 

At Jarrow in England, fragments of unpainted glass were excavated in 1973 (Cramp 1975). The 
original method of setting these fragments is uncertain, though a few lead carnes (H-shaped lead 
supports) were also uncovered on the site. Contemporary accounts indicated that window glass 
at the associated monastery in nearby Monkwearmouth had been leaded' together in a glazing 
undertaken in 675 AD by the Abbot Benedict Biscop and the Jarrow windows may also have 
been glazed (leaded). 

After excavation, the fia,ments were awkwardly fitted together in a completely conjectural 
confi-mation, crudely suggesting a human figure and placed in leads (fig. I). The result was 
then put fonvard, by some, as the "earliest stained glass window." 

.This "earliest" window wouId be of great significance if it were true, because, while there are 
numerous early accounts of colored glass being used to glaze window openings, and several . 

fragments survive, no complete window pre-dates the twelfth century. The edges of th is  glass 
are described as being carefully shaped, but the panel makes use of wide leads with si,gificant 
gaps between the pieces. What we are left with is a group of fhgments whose original pattern 
is not known, that have been placed together to complete some recognizable form. 

If one were to accept this configuration of glass and lead, a comparison with comparable objects 
from the period would suggest that these early artistslcraftspeople were not connected with the 
art of their time, nor were they at all accomplished. While it is very interesting that the 
fragments exist, it is extremely misleading to present them in their current pattern since what 
has been put forward would seem to bear no relation to any original configuration of glass or 
lead. This is an interesting illustration of some of the dificulties faced in the restoration and 
conservation of stained glass. It is a medium that is made up of discrete parts. Panels can be 
taken apart, glass can be replaced or re-ordered, and the casual observer may not be at all aware 
of it, for what they see is, to all appearances, a complete window. The challenge to the 

'Stained Glass Conservation, 265 Cabrini Boulevard #1C, New York, N.Y. I0040 
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conservator and art historian is tGfirst discern what has occurred, and then see what is necessary 
and possible in order to present a window correctly. 

An Architectural Art 

Stained glass is, traditionally, an atchitectmaJ medium. In its original location, it is almost 
always an integral part of the fabric of a building, functioning not.only as a work of art, but also 
as a screen, letting in Iight and keeping out the elements, 

Of the three main components of stained glass - vitreous paint, glass, and lead - the glass and 
lead are essential structurally, while aesthetically all three play important roles. The loss of any 
one will impact significantly on the whole. There is not the option of leaving a window in its 
damaged state on-philosophical or aesthetic grounds-a hole exists which bust be filled, or soon 
there will be birds flying around inside the building, as well as light and rain flooding In. The 
question is not will the hole be filled, but rather, how will the hole be filled. 

A variety of methods have been tried over the centuries, but there have proved to be only two 
reliable, waterproof alternatives in repairing breaks or losses in architectural glass: the 
replacement of the broken glass, or the insertion of repair leads. 

The former means that original marerial is removed. The latter is unsighdy, will begin to 
confuse the graphic legibility, and may result in glass being cut or ground away ("grazed") along 
each break line to make room for the ihsertion of the repair lead (fig. 2). 

Modem adhesives have simcantiy expanded the alternatives, enabling one to achieve effective 
and unobtrusive repairs both in architectural sertings and under museum conditions. Ceaainty, 
~e function of some windows is purely architecmrd. They are neither works of art, nor are 
they historically significant. In these instances it is a matter of general building maintenance and 
any broken or missing glass would be replaced rather than conserved. 

Glass Loss 

Glass loss may be a t~bured  to any number of causes - vandalism, weather (for example, 
hailstones or hurricanes), various political or religious movements (such as the Reformation and, 
later, the French Revolution) - or perhaps to a change in taste. 



Restorers frequently take along extra glass (and sometimes glass fragments saved over the years) 
for emergency repairs on site. Such inserts are intended to be temporary, though tbey are not 
always replaced. A "stopgap" is a piece of old glass which is re-used to fill a loss. For 
example, the head of a fi-me was found placed b'ackwards and on its side (fig. 3) in an Austrian 
canopy panel from about 1420 in the collection of The Duke University Museum of Art 
(1978.20.7). The head was originally from the same group of windows as the canopy, and it 
is not known when it was inserted here as a stopgap, or what happened to the panel it came 
from. During the last conservation treament, the head was removed from the canopy and its 
gaps were filled where the glass had been grozed with a tinted epoxy resin and then inpainred 
(fig. 4). 

Over time, windows mended using traditiona1 methods can become a jumble of repair leads and 
elass inserts (fig. 5). While there may be a certain charm to the many insertions in these panels, - 
their arrangement bears almost no resemblance to the original layout. For a number of windows 
there would be little point, at this stage, in trying to "restore" the glass and lead graphic since 
so little originaI material remains. 

In Europe, many workshops make use of their glass f t apen t s  by piecing them together to fill 
in windows. The grisaille ensemble, known as The Five Sisters, at York Minster Cathedral, 
England, is composed of many small frabmencs of glass. It no longer resembles the original 
grisaille window, which would have had a very definite lead patted with larger pieces of glass. 
What is left is actually an assortment of glass fra_ments which work quite effectively as a large 
shimmering field of grey. 

However, the same approach is much less successful with a figure, and there are many examples 
of such windows. For instance, in another window at York, a wonderful fifteenth-century head 
has been glazed together with a body composed of hundreds of fraaments of Medieval purple 
glass and a new border (fig. 6) .  The artist who created the head would never have drawn such 
a broken-up fi,we. While it is understandable that the caretakers would wish to have the head 
on view, this patchwork approach ultimately does not work since so much is compromised. 
Glazing together these fragments in this way shows a perfect disregard for the idea' behind the 
original lead pattern. Just as many casual viewers consider it quaint that the Medieval and 
Renaissance artists drew lead lines across a face (which of course, they- did not, as these later 
leads were used to cover breaks), they will not question this strange assemblage which is the 
antithesis of the aesthetic pursued by the original artists. Such a fabrication does much more 
harm than good in fostering an appreciation of the art of stained glass. 



In The Field 

While there is a growing understanding in the itained glass fieId of conservation approaches and 
philosophy, there are stdl many who would replace original material without a second thouzht, 
simply because this is what they have been taught to do in repairing architectural glass. 

In one recent instance, a local studio was brought in by museum curators to work on a group 
of sixteenth-century panels. As the workmen took the glass out of its leads they broke some 
pieces, yet their attitude was not that they should change their procedures, but rather, that 
breakage was to be expected and altering their approach would entail a loss of time and money. 

Though the conservation department pointed out that they were certainly willing to compensate 
the studio for the time necessary for a careful job, the workshop maintained that the breakage 
was not a problem - their glass painter could easily replace the sixteenth-cenmry glass that had 
broken with newly painted pieces! There was absolutely no understanding of the 
inapprop~iateness of this approach. 

This relates directIy to the purely architectural outlook many studios have. They may not be 
aware of the conservation issues involved and they ody implement tbe rwo traditional repair 
options: the replacement of the glass itself or she insertion of a repair lead. For some 
architectural glass this might be sufficient, but for much of it, and certainly for any glass in 
museum collections, this is not appropriate. 

In the end, the museum's conservators went to the workshop to glue together the broken glass, 
since no one there had the skills to do it. The studio still re-leaded the previous breaks just as 
they found them, rather than eliminating or at least minimizing them. This particular studio's 
outlook is certainly not unique, but it is also not as pervasive as more and more studios are 
being exposed to the methods, materials and philosophy of stained glass conservation through 
articles. workshops, and other means of communication. 

Fills 

A sigriificanr part of any present-day restoration enrails determining what glass is original, what 
has been inserted, and what the original lead lines were. This may invoIve re-ordering the glass 
after research and consultation with curarors and art historians on the project. Replacement 
pieces and gaps are usuaily filled using glass, which is painted, if necessary, with vitreous paints 
which are then fired in a kiln. These glass inserts are much more stable over time than resin 
ones would be. They also enable one to better match the missing paint using the original 
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techniques which may involve the layering of traces, washes and mattes, arid brushing and 
scratching away the dry powdered pigment, all difficult to achieve with "cold" (Mired) paints. 

Repairs on glass objects frequently make use of materials which are as transparent or translucent 
as the glass itself. Resin fills are fashioned to look like the missing area and are attached 
directly to the original glass. There has been some resistance by stained glass conservators to 
using this approach, especially when the new fill is of glass. Yet this is exactly what is done 
in other conservation specialties - a new fiII is made, often of the same material used in the 
original, and joined in a way that is reversible and derectable. 

The greatest difference is that glass is translucent and very unforgiving. Because of this, it may 
not always be appropriate to glue in a fill, but in those siruations where it can be done, there is 
no reason to reject it outright. At times, one may wish to make a clear distinction berween 
original material and later insertions (fig. 7). Here the curator wished to retain the later 
insertion at the neck of the figure, but not to glue it in. In this instance, the two pieces were 
copper foiled together. 

Glass 

?'he glass itself has many characteristics - color, texture, density, bubbles, striations, to name 
just a few. While it is not true that Medieval or later glass cannot be duplicated, it is true that 
it may be difficult or impossible to find in one replacement piece all of the necessary 
characteristics of the missing glass unless the replacement is custom-made - a very expensive 
proposition if one can even find a glassmaker to work with who is skilled in blowing and color 
matching. For the most part, the manufacture of sheets of glass is an industry not tailored to 
producing small amounts of custom glass. 

From the earliest times, stained glass craftspeople have rarely manufactured their own glass. 
Normally, one group of artisans manufactures the sheets of glass, either hand-blown or machine 
made, while another transforms the material into stained glass windows. M s t s  such as Tiffany 
and La Farge were able to work with small glass factories to produce very unique glass for some 
of their windows. They passed the considerable cost of this on to their clients. Replacing a 
glass loss often means going through many dozens of sheets of available glass to find a good 
match and, as is often necessary, manipulating the replacement with paint or additional layers 
of glass. Glass may exist that is similar to, but not exactly like the original, which is one 
compelling reason not to remove original material. 

Some losses are due to the composition of the glass itself. In some John La Farge (d.1910) 
windows, for instance, there are now holes because over rime some of the glass developed 
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numerous cracks which gradually joined together, causing the glass to crumble and fall out of 
its leads. This particular deterioration cannot be stopped since it is inherent in the glass. The 
remaining material mist be stabilized to prevent'more loss and new glass found to match that 
missing. 

Windows composed of more than one layer of glass are said to be plated. One complication in 
a plated window is that it can sometimes be difficult to know when plating (additional layers of 
glass) has been eliminated or by whom. The John La Fqge window, Peonies Blown in rhe Wind 
(30.50), made between 1878 and 1881 for Henry Gurdon Marquand's Newport, Rhode Island, 
residence, and now in the collection of The Metropolitan Museum of Art, had several places 
where it seemed probable that plating had been removed, since there was still physical evidence 
on the window of removed plating leads. 

One pink cast-glass peony was exceedingly bright and glaring, and from the leads on the back 
one could see that a piece of plating had been removed. One small petal of the flower still 
retained its piece of plating behlnd it. From that petal it was possible to make at least an 
educated guess that the larger plate had been similar, and then to put on a new plate. In other 
areas there was no such information, and hey  were left as they were. It is not known why some 
of the pIating was removed, though there are a number of accounts of plating being taken off 
American opalescent windows which were considered at some point to be too dark. 

Paint 

The vitreous paint used on stained glass windows is composed of a low firing glass flux and 
various metallic oxides, generally iron or copper. After being applied to the glass it is fired in 
a kiln to approximately 1200° F, at which point the glass flux fuses to the base glass, holding 
the opaque metallic oxides in place. The paint is used both to control the light and to provide 
details. Colored glass enamels consist of a lower firing glass flux in which various metallic 
oxides are either dissolved or held in colloidal suspension, imparting the color. They are usually 
not as durable as vitreous paints, though the vitreous paint can also fail, due either to a poor 
composition of the paint, or of the b a d  glass, or to underf5ng. Aging and loss are expected, 
to a certain,extent, and have their own aesthetic contributions to make. However, certain losses 
make a panel very hard to read, at which point one must consider compensating for that loss. 
The intent is not to make the piece look n&, but to make it cohesive where a lack of painted 
detail is disfiguring. In one panel there may be sufficient information to determine what the 
missing areas looked like, while in other panels such a determination might be difficult, or 
impossible. 

In a John La Farge panel from the Detroit Institute of Am (59.170), approximately half of one 
inscription, "Write me as one that loves his fellowmen," was missing (fig. 8). It was known 



precisely what the inscription was and tbere were still some ghost indications on the glass to 
a i d e  the layout. A new backing plate of clear glass was cut and painted with the missing half 
k 

of the inscription. This was fired and then inserted behind the original glass to complete the 
inscription (fig. 9). The original half of the inskription was then consolidated using Acryloid 
372.' 

Lead 

The lead has both a functional and an aesthetic role to play. It is used not only to hold the glass 
together, but also to relate important information concerning the overall graphic design. These 
lines are usually planned out by the artist and drawn with great care. Losing the pattern or the 
scale of the original lead network will significantly detract from the effect of the window. As 
repair leads are inserted to cover breaks in the glass, the original iead patfern is lost and it 
becomes very difficult to reco,&e the iconography. 

Lead is, in so many ways, the ideal material to hold the glass pieces together, but ir has the 
disadvantage of needing to be replaced every 100 years or so, due to natural deterioration (eg. 
cracking and fatiguing). At this critical step it is important that the replacement lead be of the 
same width and profile as the original so that the scale of the window is not adversely affected 
and painted details along the edges are not covered or obscured. 

The fouaeenth-century grisaille panel from St. Ouen, Rouen (fig. lo), in The Cloisters 
Collection (1984.199.1-ll), had been re-leaded at some point with a wide flat lead which altered 
the scale of the lead pattern to the overall design of the window and also covered imporrant 
details. A band of yellow silver stain runs parallel to the leads, but this effect was completely 
lost with the wide replacement leads. In the most recent re-leading this was rectified (fig. 11). 

Conclusion 

The traditional architectural approaches to the compensation of losses in stained glass windows 
- glass replacement or the insertion of a repair lead - are still in frequent use but are often at 
variance with basic conservation principles. Glass compensation is not the only concern, the 
glass paint and lead came network have their own compensation considerations. While some 
windows are.strictly functional, none would be harmed, and many would benefit substantially, 
from a greater adherence by craftspeople in the field to the methods and philosophy of 
conservation. 
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Figure 1. Map of "conjecrurd" leadlines. Glass excavated from Jarrow, England. 



Figure 2. Silver-stained 
roundel after gap fiIIing, 
before complete inpainting. 
The white lines of the fills 
show how much glass re- 
moved afrer it had broken in 
order to make room for the 
insertion-of the repair leads. 
Ben-Hadid and ihe Siege of 
Samaria, 1525. (MMA, The 
Cloisters Collection, 
32.24.30) 

Figure 3. Head of a man inserred 
on its 'side and backwards into an 
architecrural canopy section 
(c. 1420), Waasenkirche, Austria. 
(The Duke University  museum 
of Art. 1978.20.7) 



Figure 4. Insened head from 
Figure 3 afier cleaning, gluing, 
filling. and inpainting. 

Figure 5. Window made 
up of glass fragments. 
Saint Maclou, Rouen, 
France. 
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e 6.  Edward the Confessor, York Minster CathedraI, En- 

Figure 7. The Virgin's right shoulder is a later re- 
pIacement. In order to clearIy distinguish between the 
two pieces, they were joined using copper foil rather 
than an adhesive. Virgin Kneeling at a Pne-Dieu; 
1552; French. (The Metropolitan Museum of An, 
07.287.12) 
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Figure 8. The inscription showing paint 
loss. Wrire Me As O12e Who Loves His 
Fellowme~t , John LaFarge; 1 889. (The 
Detroit Insticute of Arrs, 59.170) 

figure 9. The original inscriprion together 
With the backing plate which completes 
it. 





Figure 10. The panel in wide leads before conservation. Note the borders had been attached upside down. Grisaille 
PaneI; 1325; The Abbey of St. Ouen. (MMA, The Cloisters Collection, 1984.199.1-11) 

Figure 11. The panel after conservation. It is now possible ro see the vitreous and siiver stain banding running 
parallel to the lead lines. 
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The roundel, entitled Nelfing Partridgel, which you see in the slide on the left, is 

thought to have been painted in Nuremberg and is dated 1535 to 15452. It 

depicts a hunter, concealed behind a blind painted with a life-size image of a 

steer. The hunter herds a covey of partridge through a funnel of low fences into 

a netted trap. Below the trap, near the edge of the roundel, the head and neck 

of a fox can be seen  emerging from a den. A tree stands prominently in the 

middle distance, where men and dogs walk in the open area before a village. A 

castle sits in a hilly landscape in the background. 

The design of the roundel derives from a pen and ink drawing by Augustin 

Hirschvogel (1 503-1 553) who belonged to a prominent Nuremberger family of 

stained glass painters.3 The drawing, which you see in the slide on the right is 

now in the Museum of Fine Aris in Budapest4 where it is one of a series of fifty- 

three hunting scenes by Hirschvogel.5 Five other roundels based on these 

drawings have been identified.6 

l~etropolitan Museum of Art (The Cloisters), accession number 1979.1 85. 
zlirnothy B. Husband, Stained Giass before 7700 in American Collections: Silver Stained 
Roundels and Unipartife Panels. (Corpus Vitrearum Checklist IV). Studies in the History of Art, 
vol. 39, Monograph Series I (Washington, D.C., 1991) p. 167. 
3 ~ a n e  S. Peters. *Early Drawings by Augustin ~iffich&~el.. MasferDawings 17:4 (Winter 1979) 
p. 359. 
4~zBpmiivBsti Mlizeum, Budapest, Inventory number (E 19-1 3A). 
S~wenty-six of the drawings are in a circular format with a diameter of approximately 23 cm. and 
twenty-seven are in a rectangular format, measuring approximately 20 by 16 cm.; see Peters, 
"Early Drawings by Augustin Hirschvogel", pp. 359-392. 
6 ~ o u r  of these are circular in format and one is rectangular; see Husband, Stained Glass before 
7700 in American Collections: Roundels and Uniparfite Panels, p. 167. 



MATERIALS AND TECHNIQUES OF THE ROUNDEL 

The glass from which the roundel was cut is transparent and slightly greenish. It 

contains a few striations and small inclusions, as well as bubbles of various 

sizes. The bubbles are elongated in lines parallel to the diagonal from about 4 

o'clock to 10 o'clock as the roundel is viewed from the front. 

The roundel was decorated with various paints and stain applied to both sides of 

the glass. Vitreous paint in several shades was employed using a variety of 

techniques. It was applied as a brown matte wash on the front surface to 

indicate shading. Outlines and details were added with dark trace lines applied 

over the wash, which was then sticklighted to indicate highlights. This type of 

paint treatment is apparent in the houses of the village as well as the castle and 

hills in the background, which you see in the slide on the left. There is also 

some stipple shading, for example, in the huntets leg, which you see in the slide 

on the right. Greyish-brown matte washes of vitreous paint were applied to 

selected areas on the back of the roundel, which you see in reflected light in the 

slide on the right. I apologize for the reddish reflection on the glass, which 

seems to have occurred because of pjanar distortions in the roundel. 

Nevertheless, I hope you can see the back-painting on the steer, the partridge, 

the trunk of the tree, the iree stump in the middle ground, and the lower part of 

the hill below the castle. In addition, a thin stripe of black vitreous paint 

surrounds the roundel, covering the grozed edge, as well as extending sfightly 

onto the front and back surfaces. Silver stain was used sparingly. It was 

applied on the back to color the hunter's cloak, the staves of the fence and the 

rings of the net, the bird's eyes, and the upper layer of leaves in two of the 

bushes in the foreground, as well as the bush beneath the tree. A reddish- 
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orange paint applied on the front surface to color the fox, which you see in the 

slide on the right, may be sanguine. 

The ground cover and foliage, which cover much of the area of the roundel. 

were colored with a cold paint applied to the front surface . The term "cold 

paint" is used here to describe an unfired paint and, thus, to distinguish it from a 

vitreous paint or an enamel, both of which are fired. That the paint was not fired 

is clear from visual examination under tow magnification. It does not exhibit a 

glassy sheen like a vitreous paint or an enamel and it has developed a 

craquelure pattern typical of an aged paint film. Where there are losses, the 

paint has broken cleanly from the glass substrate indicating that there has been 

no fusion of the two materials. I hope you can get an impression of the 

appearance of the paint in the slide on the right, which shows a detail of the 

ground to the right of the tree. 

The cold paint is transparent; where it overlays the vitreous paint, the latter is 

clearly visible through it. This can be seen in the slide on the right where 

sticklighted matte washes and trace lines of vitreous paint can be seen through 

the cold paint. The color of the cold paint layer ranges from light amber to 

brown and is punctuated by discrete areas of green. The larger patches of 

green are visible to the unaided eye and are mostly located in the middle ground 

of the landscape, for example, in the ground below the village, around the tree, 

and behind the hunter. In addition, there are a few spots of green in the foliage 

of the tree. Under low magnification, smaller spots of green can be seen 

throughout the cold paint layer. 



Despite these color variations, the cold paint layer appears continuous under 

magnification. Since it was applied to color the ground cover and foliage, it is 

likely that the original color of the paint was-green and that, with the exception of 

a few isolated areas, it has discolored with age. 

GREEN PIGMENTS AND HISTORICAL REFERENCES TO COLD GREEN 

PAINT ON STAINED GLASS 

Before beginning the analytical investigation of the cold paint on the roundel 

Neffing Parfridge, a review of the green pigments commonly used in the 

sixteenth century as well as the available documentary evidence for the use of 

cold green paint on stained glass was undertaken. 

Three green pigments were commonly in use in the sixteenth century - the 

mineral malachite, which is basic copper carbonate; green earth, a naturally 

occurring mixture of minerals containing hydrous iron, magnesium, aluminum 

and potassium silicates; and verdigris, which is a synthetic pigment consisting of 

either neutral or basic copper acetate, depending on the method of preparation 

used. When dissolved in a resinous compound, usually with the addition of 

heat, verdigris forms copper resinate (also known as transparent copper green), 

which is a transparent green glaze colored by the copper salts of resin acids. 

The particular resin acid formed depends on the resin used to produce the 

glaze. Copper resinate was either used directly after its formation, without the 

addition of any medium, or dried and ground with an oil. 

Both verdigris and copper resinate have more intense color and greater 

transparency than malachite, green earth, or any mixtures of the blue and yellow 



pigments known in the sixteenth century. These properties would be imporlant 

for paints applied to stained glass, making verdigris and copper resinate the 

more likely choices for this purpose. Both pigments were used extensively on 

easel paintings during the fifteenth and sixteenth centuries. In the eighteenth 

and nineteenth centuries other synthetic bright green pigments came into use  

and the popularity of verdigris and copper resinate diminished. The waning 

popularity of copper resinate may also have been partly due  to its well-known 

tendency to discolor from green to brown with age. It is generally assumed that 

the cause of the discoloration is the decomposition of the resinate by ultraviolet 

light. Where this phenomenon has  been noted on easel  paintings, the 

discoloration often occurs only at the surface of the paint layer and is 

significantly less in areas  which have been protected from light exposure. 

Thus, a consideration of the properties of the green pigments used in the 

sixteenth century suggests that verdigris and copper resinate would be the most 

likely pigments to be used on stained glass. In addition, the apparent 

discoloration of the cold paint on the roundel Netfing Partridge appears 

consistent with the type of deterioration common to copper resinate glazes. 

A review of historical treatises dealing with the production of stained glass from 

the fourteenth through the seventeenth centuries leads to the same conclusion. 

Among the general discussions of the use of cold paints on stained glass are 

several references to green paints, specifically to verdigris or copper resinate. 

For example, the fourteenth century manuscript of Antonio da  Pisa states, "If you 

want to paint on a glass with verdigris and other colors without firing the glass, 

grind the verdigris or other colors with liquid varnish on a porphyry stone and 

when you have ground it finely, paint what you want on the glass, and then let it 



dry in the sun and it will appear fired. Or truly grind the color with boiled linseed 

oil and grind it with whichever of these colors that you want. And note that the 

glass will naturally be a natural green."' The second part of this instruction 

clearly describes the use of verdigris in a linseed oil medium. The first part. 

however, is less clear. If the term "liquid varnish" refers to a resin, then it 

describes the preparation of copper resinate by simply grinding the two 

ingredients together cold, rather then heating them as was the usual practice. 

The sixteenth century Marciana Manuscript contains the following directions: "If 

you wish to paint with other colours which, atthough beautiful, do not penetrate 
' 

into the glass, but remain on the surface, especially with verdigris, fine lake, 

peach-stone black, or charcoal black, and generally all the colours which have 

no body, and also with fine azure, that is, ceneri aaurri, give a coat of nut oil or 

linseed oil, which last is to be preferred for painting on glass, according the 

painting which you wish to execute, and let it dry in the shade; then grind up the 

colour with the same oil, and paint upon the coat of oil and let it dry, and it will 

be beautiful; and although the color does not penetrate, it will for a long time 

remain beautiful, and you may even varnish it afterwards, according to the best 

of your skill ... and when you paint with the verdigris, if you grind some saffron in 

the same manner with the before-mentioned oil, and with this distemper the 

verdigris, it will be a green so much the more beautiful ...".* Again, these 

instructions describe the use of verdigris in an oil medium. 

7Robert Bruck, "Der Tractat des Meisters Antonio von Pisa fiber die Glasmalerei", Reportorium 
fur Kunshvissenschaff 25, p. 240-269. 
8 ~ a r y  P. Memfieid, Original Treatises on the Arts of Painting, 2 vols., (New York, 1967). vol. 2, 
pp. 61 6-61 8. 



'There is an additional reference in an early seventeenth century Florenti-ne 

treatise to the use of a copper resinate type glaze on glass windows. The 

technique is presented as a "method for making a green to put on glass instead 

of blindsU.9 The reader is instructed to heat pine resin, mastic, and wax together 

and then to add verdigris to the hot mixture, stirring until it dissolves. The glaze 

is meant to be applied hot, that is, immediately after the formation of the copper 

resinate, rather than letting it dry and grinding it in an oii medium. It is further 

suggested that to lighten the glaze, turmeric may be added to the mixture. 

These excerpts from historical treatises support the idea that verdigris and 

copper resinate would have been the favored green pigments for use on stained 

glass. 

9 ~ .  Birelli, Opera, Book 2 (Florence, 1601) quoted in Hermann Kijhn, 'Verdigris and Copper 
Resinate" in Ashok Roy, ed., Artists' Pigments - A Handbook of their History and Characteristics, 
2 vols. (Washington. D.C., National Gallery of Art, 1993). vol. 2, p. 149. 



Following this historical review, analytical. investigation of the cold green paint 

on the roundel Netting Parfridge was undertaken. While the characterization 

and identification of the cold paint is the focus of this study, analysis of the glass 

and vitreous paint was also performed in order to confirm that these materials 

were consistent with the sixteenth century dating of the roundel. 

ANALYSIS OF THE GLASS 

A sample of the glass from the edge of the roundel was quantitatively analyzed 

using energy dispersive X-ray spectrometry, or EDS.10 While reported 

compositions for window glass produced throughout Europe from about the tenth 

to the fifteenth centuries have generally been of the potash-lime-silica type, with 

approximately equal proportions of potash and limell, the composition of the 

glass from the roundel, which you see in the slide on the left, has a much higher 

proportion of lime, with some sodium, and relatively large amounts of 

magnesium and phosphorus. A similar glass composition was found for seven 

other silver stained roundels, in the collection of the Metropolitan Museum of Art, 

from Germany and the South Lowlands, which are dated from the late fifteenth 

The EDS analysis was performed by Mark Wypyski in the Sherman s air child Center for 
Objects Conservation of the Metropolitan Museum of Art. A Kevex model Delta IV energy 
dispersive X-ray spectrometer attached to an Amray modified model l l O D  (1600T) scanning 
electron microscope (SEM) was used for the analysis. The weight percentages for the glass 
composition were calculated in comparison with well characterized reference glass. For more 
infonation, see: M. VeritA, R. Basso, M.T. Wypyski, and R.J. Koestler, "X-Ray Microanalysis of 
Ancient Glassy Materials: A Comparative Study of Wavelength Dispersive and Energy 
Dispersive Techniques', Archaeomefry 36,2 (1994, pp. 241-251. 
llsee, for example, Ian G. Freeslone, Theophilus and the Composition of Medieval Glassw, 
Materials Research Society Symposium Proceedings, vol. 267 (1 992) pp. 739-745; and Donald 
Royce-Roll, "The Colors of Romanesque Stained Glass", Joumel of Glass Studies, 36 (1994), 
pp. 71-80. 



to the first half of the sixteenth century.12 The glass compositions of these 

roundels is shown in the slide on the right. I apologize if the numbers are 

somewhat difficult to read. Comparable glass compositions have also been 

published for German glass dating from the fifteenth century and later.13 The 

higher proportion of lime in the compositions of these glasses suggests that they 

may have been made by using an alkali source containing a much higher 

proportion of lime to potash or by replacing some of the potash or wood ash 

used in the mix of traditional medieval window glasses with some lime, possibly 

in the form of chalk. This question is being investigated further by Mark 

Wypyski. In any case, the details of the composition of the glass from roundel 

Neffjng Parlridge are less important than the fact that i t  was found to be 

consistent with that of contemporary glass from the same region. 

ANALYSIS OF THE VITREOUS PAINT 

EDS analysis of a sample of the vitreous paint from the roundel revealed the 

presence of lead, silicon and iron, with large amounts of copper and calcium and 

smaller amounts of aluminum, potassium, and zinc.14 While the relative 

proportions of the main components of vitreous paint may vary eonsiderably,ls 

this particular composition is not unusual and is similar to the compositions of 

12samples of glass from these roundels were analyzed by Mark Wypyski in the manner 
described above. The analysis was undertaken as  part of the preparation for the exhibition "The 
Luminous Image: Painted Glass Roundels in the Lowlands, 1480-1560" at the Metropolitan 
Museum of Art, 28 May - 6 August 1895. The other seven roundels have the following 
accession numbers: 1985.244, 32.24.43, 1990.1 19.2, 1985.146, 32.24.67, 1990.1 19.1, 
1982.433.5, 1979.1 85. 
I 3 ~ a r l  Hans Wedepohl, ingeborg Krueger. and Gerald Hartmann, 'Medieval Lead Glass from 
Northwestern Europe", Journal of Glass Studies, 37 (1995), pp. 65-82. 
2 4 ~ a t a  for samples of the  vitreous paint and the cold paint (see below) were quantified with 
Kevex Quantex software using MAGIC IV ZAF corrections for normal standardless EDS 
analysis. 
1 5 ~ h i s  observation is based on Mark Wypyski's analysis of vitreous paint on many stained glass 
panels in the collection of the Metropolitan Museum of Art and does not represent the results of 
a systematic study. 



the vitreous paint on the same group of fifteenth and sixteenth century roundels 

mentioned earlier. 

ANALYSIS OF THE COLD PAINT 

The cold paint on the roundel Netting Partridge was analyzed by various means 

in order to characterize it as specifically as possible. 

EDS was performed on two samples of the cold paint, one of which was taken 

from a brown area near the center of the roundel and the second from a green 

area in the ground behind the hunter. The analyses indicated that both the 

brown and the green samples contain relatively large amounts of copper and 

lead, with some calcium, silicon and sulfur, and smaller amounts of other 

elernents.16 The compositions were found to be unlike the vitreous paint. For 

example, the cold paint samples contain much less silica and lead and much 

more copper than the vitreous paint.17 The high percentage of copper in cold 

paint suggests that one of the copper-based pigments, such as malachite, 

verdigris, or copper resinate is present as the major component in the paint. 

Other green pigments can be eliminated based on negative results. For 

example, while iron, magnesium, aluminum, and potassium were found, the 

proportions of these elements were so much lower than that of the copper that it 

is doubtful that green earth is a major component of the paint.18 

1 6 ~ h e  lead found may indicate an intentional addition of Lead or it may be due, at least in part. 
to contamination .from the lead came or the vitreous paint, which also contains lead. The 
cafcium may be due partly to contamination from the high calcium glass substrate. The other 
elements found, such as sliicon, phosphorus, and potassium, may be simply the usual inorganic 
elements found in plant matter, possibly from a plant resin. 
I71n addition, the cold paint samples contain several: elements not found in the vitreous paint, 
inciuding magnesium, phosphorus. sulfur and chlorine. 
18Eighteenth and nineteenth century green pigments can be eliminated - Scheeie's green and 
emerald green because of the absence of arsenic; viridian and chromium oxide green because 
of the absence of chmmium. 



There are some differences in the relative amounts of certain elements in the 

brown and green paint samples, such as the calcium and the lead. However. 

the overall compositions are qualitatively very similar and they appear to be 

essentially the same material. It is possible that the differences in the relative 

amounts of some of the components may help to explain why some, of the green 

areas have not discolored like the majority of the paint. It is also possible that 

some of the apparent compositional differences found are due to contamination 

of the cold paint, for example, by the inadvertant inclusion of some underlying 

vitreous paint. 

A sample of the cold paint was mounted on a glass microscope slide19 for 

examination by polarizing light microscopy. Under magnification, the paint 

appears as glassy, irregular yellow fragments with some suspended particulate 

rnatter.20 'The particle morphology exhibited by the glassy fragments closely 

resembles published examples of capper resinate.21 

The identification of the paint as copper resinate was supported by Fourier 

transform infrared spectroscopy, or FTIR.22 While the typical spectra of 

verdigris and copper resinate, seen in the slide on the right, are similar, the 

spectrum of the cold paint from the roundel, seen on the left, corresponds to that 

of copper resinate. 

1 9 ~ h e  mounting medium used was Aroclor 5442 which has a refractive of 1.66. 
2 0 ~ h e  identification of the particulate matter is unclear. It may represent residual material from 
the initial preparation of the resinate or degradation products. 
ZlKllhn,  p. 150. 
2 2 ~ h e  FTlR analyzis was performed by George Segan Wheeler, Research Chemist, in the 
Sherman Fairchild Center for Objects Conservation using a BIO-RAD ITS-40 spectrometer. The 
sample was mounted in a Spectra-Tech diamond cell and placed in a 810-RAD UMA 500 
infrared microscope. The spectrum was collected at four wavenumber resolution with a total of 
fifty scans. 



Since historical recipes for the preparation of copper resinate describe its use 

either without any additional medium or dried and ground with an oil, Gas 

chromatography-mass spectrometry or GC-MS was performed on a sample of 

the paint from the roundel to determine if any medium is present. The GC-MS 

gave no indication of the presence of the fatty acids derived from oils. This 

suggests that the copper resinate was used more or less at the time of its 

preparation, without the addition of any medium. The possibility exists, 

however, that an oil medium was present originally but is now so degraded that 

it is not detectable by this method. 

A relaGvely new analytical technique, which is being evaluated at the 

Metropolitan Museum of Art for the characterization and identification of a 

variety of materials is capillary electrophoresis, or CE.23 CE is based on the 

migration of ions through a capillary column subject to an electric field. Its 

application is suitable for the analysis of the paint from the roundel Neffing 

Partridge because, while FTlR revealed the presence of the functional groups of 

copper resinate, CE could be used to identify the specific resinate. 'As 

described earlier, copper resinate can be produced by dissolving verdigris in a 

variety of resins yielding the copper salts of resin acids. Pine resin, ane of the 

most commonly used resins, yields abietic acid as the principle resin acid. If, 

therefore, pine resin had been used in the preparation of the copper resinate on 

the roundel, a peak corresponding to abietic acid would be expected on the 

2 3 ~ h e  capillary electrophoresis (CE) analysis was performed by Christopher McGfinchey in the 
Sheman Fairchild Department of Paintings Conservation of the Metropolitan Museum of Art 
using a Perkin-Elmer 27DA-HT Capillary Electrophoresis System with T urbochrom 4.0 CE data 
analysis software. Uncoated fused silica columns (Perkin-Elmer) were used and the instrument 
was operated under normal polarity (i..e., the terminal reservoir electrode as the cathode). The 
free soiution buffer used was 50 rnM borate. For further information about this technique, see 
Christopher McGlinchey, "Capillary Electrophoresis and the Characterization of Some Artists' 
Materials", forthcoming. 



electropherograrn of a sample of the paint. However, neither abietic acid nor its 

common degradation products, whose compounds elute around five minutes, 

were detected in the CE. This suggests either that pine resin was not used in 

the preparation of the copper resinate or that the resinate is so degraded that it 

could not be identified in this way. It is also possible that the unidentified peaks 

at six, seven, and eight minutes may correspond to uncommon or currently 

undocumented resin acids or their degradation products. Christopher 

McGlinchey, Research Chemist in the Department of Paintings Conservation at 

the Metropolitan Museum of Art, who performed the CE for this investigation, is 

undertaking further research into the analytical characterization of green glazes. 

What is interesting about the CE of the cold paint is that a significant amount of 

acetate ion was detected, suggesting that copper acetate, probably representing 

unconverted verdigris, is present in the paint. Historical recipes for the 

preparation of copper resinate are somewhat vague regarding the amounts of 

the different ingredients to be added. In addition, as Antonio da Pisa's recipe for 

green paint implied, the mixture may not always have been heated to accelerate 

the conversion of the verdigris to copper resinate. Therefore, it is not surprising 

that in a copper resinate paint layer some unreacted verdigris may remain. 



If, 

CONCLUSIONS 

Thus, the analysis performed on samples of the cold paint from the roundel 

Netting Partridge, suggests that i t  consists of copper resinate and some 

unconverted verdigris apparently applied without a medium. The use of copper 

resinate and verdigris on stained glass windows was recorded in several 

historical treatises and it is not surprising that these intense and transparent 

pigments were used for this purpose. 

The identification of the paint as copper resinate necessitates a reinterpretation 

of the appearance of the' roundel. Although now the foliage and ground cover, 

which fill much of the composition, appear brown, they would have originally 

been a vibrant green. In addition, when the roundel was installed in a window, 

rather than being viewed through a light box as it was for this examination, the 

unpainted area corresponding to the sky would have been colored a natural blue 

b y  the actual sky showing through it. The combination of these effeck would be 

to make the roundel, which now is almost like a grisaiile in varying shades of 

brown and black, appear originally as a colorful painting. The slide on the right 

was digitally color-enhanced to give an impression of what the roundel might 

have looked like originally. The green color is not entirely accurate and the 

losses have not been filled, but it gives some idea of the original color balance 

of the composition. 

Much of the recent literature on stained glass technofogy downplays the past 

use of cold paints on stained glass, either by omitting any reference to them at 

all or by relegating their use to a mere corrective device.24 This view is 

2 4 ~ e a "  Lafond. Le Vitrail-Odgiines, Technique. Desfineer (Lyon, 1988). pp. 68-69. 



misleading, especially since the body of historical literature, including those 

excerpts cited earlier, clearly indicates that cold paints in a variety of colors were 

applied to stained glass, at least until the widespread use of colored enamels 

provided a more lasting alternative. 

There may be several reasons for the general impression that cold paints were 

not widely used. One is that existing examples may be overlooked or 

misidentified. For example, the cold paint on Netting Parlridge was identified in 

the Corpus Vilrearum Checklist as a "green translucent enarnel".zs This is 

either a misinterpretation of the nature of the paint or a misuse of the term 

"enamel", which should be used only to describe a fired paint. More care must 

be taken in identifying applied colors on stained glass if the full extent of the use 

of cold paints is to be appreciated. Unfortunately, many examples of cold paints 

on stained glass may be lost as the cold paint may have been removed from the 

surface of the glass either through weathering or from misguided cleaning. 

Giorgio Vasari, writing in the second half of the sixteenth century, refers to this 

phenomenon when he describes the advantage of the more permanent enamel 

paints: "In this art the Flemings and the French have succeeded better than the 

other nations, seeing that they, with their cunning researches into pigments and 

the action upon them offire, have managed to bum in the colours that are put on 

the glass, so that wind, air, and rain may do them no injury, whereas formerly it 

was customary to pairit windows in colours coated with gum and other temperas 

that wasted away through time and were carried off by the winds, mists, and 

rains, till nothing was left but the mere colour of the glass."26 

- - - 

2S~irnothy B. Husband, Stained Glasss before 1700 in American Collecfions: Silver-Stained 
Roundels and Uniparfite Panels, p 167. 
Z6~iorgio  Vasari, Vasari on Technique, trans. Louisa S. Maclehose (New York, 1960), p. 267. 



This presentation'was originally entitled an "unusual" paint on a silver-stained 

roundel. However, perhaps the term "unusual" is incorrect. Today we have 

seen and heard of many examples of cold paints on stained glass. Hopefully, as 

a result, we will all become more aware of the existence of cold paints and more 

attentive to their proper identification and preservation. 
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ever, Lohenna1 qsmm ue W v c ,  require 
mrcfuI drrign. md m not n a a n r y  for mwt 
s h W - g l a s s  windom in Amaia Wficn dnign- 
h g  I% irutdhtiOn dchils. the h h h g  imra 
must k d d d  

I lions ttut support lhe 6t.lned glrr r  
2. TPdurr, L d i n g  5 F m c  Cdof: For buiIdfngs 

w h c r e t h c ~ ~ , ~ m g p t t m t o r a ~  
mlor (oplbsont gks) ut impormnt lu rhc arch& 
t c a u n l d a i g n h r g a ~ o f P G u c m ~ f -  
able compmmLr 

3. Dtpfh of W h  Opn* I m d h d o m  that 
m a ~ a r c u a u b h s e t b ~ d c u d c n g a g e w ~ o w  
molding and tracery, nthnr Lhrn mvcring them, 
l ~ o k  better. 

4. GtrJng A l t m h m t  Mcflmd: PC should never 
beattached d i d y  to I h t ~ g f n m ~ b u t n U i e r  
attached and rccvrtly archard within the fnm$ 
rurrourrdhg the stained gllsr Glazing should be 
placed w i t h  s a s h  or  rtgieta to allow for c*pm- 
sion/mntrPafon, and all fastarm ahadd be non- 
f m u  

5 FanrMsfa-hk  Fnmecorn hshouldk 
wricad of the a m e  m a a m  me& or 
w d )  u !he od$d wfndow mrrod.  Blwrv or 
modhd alumhum may be q m b l t .  but mild 
steel will mt and should ~t be uwd h mard 
rrus,spedrlcoatingorall~ maybanquid lo 
avoid conmiah 

d G&g hintdab tmfruccd gkrr [r ream- 
mmded Lr mmt h w  due to i b  dunbility. 
m u t a m  to brcakagc. md stabledjrity. 

7. Vntling: Thc akspace formed by 
ghztrg must always Lw vented. 

Thcrearclhrteprfma'y-afnrmting PC: 
(1) tonllmvcondcnetion tocvapomtr:(2) toquql- 
k c  the prasurc tn the a i q a c e  with the atmclr 
phere: and (3) to minimize the tcmpen!um 
variatiun In the a l r rpae  Where md how Uw glsz- 
t--.-..-...4 .*-.4-~"*h..h,-~1:"*,.t1,,;""a~,4 

The drltate f n c t r y  of chin m~ wlndnw, J dominant 
a t d o r r x h i t W  Ic~tru4w-u IoLrlly obll lrnid 

Ths dtoyvLibl.fa UI.xood k u u y d s d r t n d o r  
h m e  nvealr aa -c w o l  t h m  of h 
Ihat c m  be nwd byimproprrly ixd r& 

dcp* of the dqacc 
I f  applied f n m a  sra med IO support the PC, 

bla cur be drilled Lhrough L s  b e  to rllav for 
air  rnuvcnuml. Ths h a k  must be at h top and 
bourn of thewindow andba da lmcd  to W art 
rain a d  W If phtic  gluing & rued. the holm 
cm be drilled thmugh Ihe plastic in rim if^ 
If h c a k r i o r g l Y t n g L l u d d v m ~ ( s ~ m s M  
SCrtem) M be $fd Inlo th. wfndow during 
fabdalfon Tf g h  is wcd, Ihe hs can LX cut 
offand f i u c d w i t h a h w d c d v e n t ~ ~ m p r i w d  
of glass, f t a h h  ski ratcning, d l e d  curr. 
The openings should only o a r  at UIC top md 
bortorn to awe upward airnow through the dr- 
space (i.e 'chimney dfcct"J 

Exactqydfkatioruu lo theamaunt of- 
d o m t y e t  ~ t .  but it IS +cri that thabertsprmr 
b one that M be oJny modified to d o w  for 
gtcatcr or l e r r r  drflow. In-rib cxpaimenhtiw 
r e c M b L h a b a t m y  t a ~ p m p c r v c n t l y  
PC imiabtlonr should k monitored thughour 
Iheyruforcvidmccofcondarszrion.fllchas& 
turrtrriL(trIntr&hesrdrip)anihtlntafor 
aufrm of the stzinai glru or PC. 

Wirawrrau u t o i k n a  gwddrunrtkctu 
~ r r u t u k t r m d ~ ~ h v a r , p l r t I c v  
l a d y f n E u m p c ' l h y a r c u r ~ \ r c . d o f t a  
~ v * I m ~ t m ~ u d I m p * c t  
daInapms~-gi ln)YindOmThy3ropm 
vidasomeueurityznd+Ilcwforpdodicrhdngd 
the windows on ,rhe exterior. Whm dealping 
-xretm,oDNidahau~dthc~tturltl 
0flhtwtalndIhsmahSnd ~ m & l o d o f r ~ -  
mtnttothcbuiIdkrg.Thc1~tapwtvrmrrtd.l 
b ~ v u r i t c d w i r r . b n t i t k i n r d ~ l c f o r t a c h  
~ d u e t o t h c h c h i g h m r i n t m m c e ~ t o  
praventrusting.Coppcrorbrolae~y &kuud 
bhbrfatesarrm.bufthep~ortmmsthrn~ 
n l v d U l c f t r m ~ , c o p p c r a u r t r f n t f ~ e h a -  
kg, puticuluiy I i @ f o l ~ ~ S ~ ~  
,bulhegrmath CombiocdWitfiEbelut 
main-ce. ht r'-2k *. most rrp- 
Whfcheva mr&l b uud B shnutd be pahid, 
patlorttd, stained, or o L i l m v k  d a r k m d  Thc 
~WmrhmviaunydlnpparmCnhl I lE tLhe 
a p p m x c  of the shfnrd g I w  and bulldIng h m  
L c  chr ior .  

A l l m i n e d - g l u r ~ o m u r d t h & &  
ncadroUlilUmrfnruulu-ctu-almlg~ 
Bfe.ThPCshcddbadaigncdtoaUowSarperf- 
odlc m+lnraum 0 h h m m  Applkd hrm- 
4 toxrpporttheFGdrwld aavtrulitllcof the 
~ f n m a u p c a r i b I t . I t L a m l u o m p f i m r t u r  
cwtring tht miire &g famc wilh PC r*ill 
o b v h t e b h o b r r o u t i n c m ~ f h s d -  
fku of ultnvinld ndhtiat hut rad mo*hrra.ra 
rm lyncga t tdbyPG.mdarco~wonmcd  
)IrhmiruhRKihmctiy , -pt- -~~k-  ' 

cvmu "datmaive' glrrmg. 
Mrrrt ~Lfl?i6Yiis~7IiC~~.~dd l m t ~ h v l ~ b  k ' 

p r M c E t t d h a n y r h i n g o ~ ~ v a n c W f n n T h e  
m m t r t r b l Z + 1 M t m o s t ~ ~ ~  

2 T  i s m t s o ~ o a t S c r r c m . o r ~  
gkg vented extmuI]y. pmvide adlent 

~ v c ~ a g a h t d r L w h s u c h  

Jinpacrshould gcncnlly be v&d to h e  
of the bulldhg. In a hot, humid dlmrle.venthg to 
thc intcrior should bo m i d &  Lf the bvftdlng Is 
airuondilloncd Ifrmughout mort of Ihc year. The 
vcnlfng ncrdr of pnrtlcutr wtndowr m y  vary 
gn;ltly.ne amount ~Iventingrrquired bdcpcnd- 
cnl on h c  m l ~ n v l m n m m t  that Lht window u 
-..hk-- 1 3  )..Iv..~ -n ,-lim,tr nrimnmh'nn. and the 
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The scientific invesriga~ion of ancient glasses 
R; H. Brill . 

Curnir~g ;WUSPLII~I u f Glass. Curnitrg. h'err York. Lf.S.A . 

During the past rifrecn years many advances have been 
made in the scientific investi_earion oi' ancienr glasses 
and "early _elass technology; These -have resulted from 
improvements in instrumentation and from  he 
application of rnrireiy new techniques. The ubjecr of 
this paper is to summarise the currenc scate of research. 
thnr is. ta discuss the tni>ls now available for such 

studies and to give some idea of how they can be used 
and the sort of questions we can hope to answer.,. 

This will nor be a review paper o i  the type thar is ':. 
developed around 2n exhaustive bibliography. The' 
author has elected instead ro present one person's view 
as to. where the mainstreams of this research se:m to 
be carrying us. I n  an eR'ort to make this paper more 
useful to all rezdcrs. an attempt has been made ro - 

illustrate all the tccnniques discussed wirh new experi- 
mental findings. and ro indicate. afbcic skztchily, just ' 
h o . ~  rhese findings can be inrerpreted meaningfully for 
the cur3tor or arthaeoloeist. (Readzis unfamiliar wirh 
the shcmicai ssjecrs of glass are referred to two papers 
intended primarily I'or rhz non-scientisr-(1. 5 )  Tnis is - 

nor ro say. i10\~cver. rhar the only point to scientific 
jiudizs o i  esriy glasses is io provide a strvicr to the 
archaroiogist and curator. IT  such were the case. [hen 
the \-as[ n:-iorirt oi the work done to date would have 
io be regarded as iruitiess. because 2s yet only very feu 
~bir:.u ha\: ever actually been Jaced or given 1 
sounder arrribution on the basis ol' chemical studies. 
This rejcarch is an tnd in itscif. for it re\~eals to us a 
great c t ~ i  about rht rccnnolopicsl skills and leve!s oc 
underj;anding of chose wnom rht  late Pioitssdr 
i\'. E. 5. Turner 5:s called 'our iorehchtrs in  ~iasi*.{:~ 

C H E 4 I I C A L  .-\S..iLYSIS 
Two approaches 
The most famiiiar kind ot'scientjiic research in ancien 
.!ass is chemical analysis and. as CaleylAl hns poitire: - 
JUI .  the subject has quite a Iong history. Througi~ou 
;his hisrory the uitimare goal. which always sezrns tt 
have been implied. is thar one day the c h e m i ~  
lnaiysis oi  a given ssezirnen oT glass wiil allow a 
xtribution ro 'oe maae of irs provenience. or dart c 
 rigi in, or both. Tnis hope still persists, but it remain 
:o be seen- just how specific such atrributions can eve 
be. They mag never be more [ban broad or indefinir 
ntnexiisarjons or they may rum oul to be high1 - 
specifc and rcstriczed ro just a few factories or piac:: 
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There are two basicall!. different. although related. 
approaches to the chemical analysis of hncient glasses. 
The first is to nnalyse large numbers of \%,ell authentica- 
t ~ d  specimens of fragments and kessels encompassing a . 
\vide range or places and periods. The analyses must be 
accurate where necessary and cornprehensivc in terms 
ofelements determined. They must include a sufiicient1~ 
large number of specimens ro allow statistically 
significant inferences ro be drawn. It is only in this way 
that a useful catalogue of ancient compositions can be 
compiled. We already know that the differences to be 
anticipated arc not in the gross composition. because 
for practical purposes \irtually all ancient glasses are ' 
of the soda-lime-silica varier!'. (Soda (NacO) was the 
predorninniit alkali in glasses until the medieval period. 
when potash (K.10) came into use.) The meaningful 
variability appears an]! to be in minor. or trace. or 
'trace-trace' elements. 

Undoubtedly. the major contribution to this 
- txta.logmf-data+rbeen~l1e-\~10rb;7rfS~r'eand~~~~ 

Smith.!.? '1 Their findings have systematised our 
knowledge to theextent that theirwork could well serve 
as a model upon which other such scudies in glass 
could build i n  rhe future. The key elements in rheir 
present categories are Kc0 and M i 0  on the one hand. 
and SbrOj and MnO on 11-~e other. but Sayre's most 
recent findings indicate that rhe long hoped-for useful., 
pattern of trace-element concentrations. for example 'K 
the rare earths. may be emergin_e.(8, 

Other studies of this type have been conducted by 
Turner. Geilmann. Besborodov and the author. 
among others. Many of these results were summarised 
by Caley.(-" and a check list of more currenr research 
appears annua IIY in the Joirrrtal of Gluss S~udies. 

A second approach is the intensive study of indivi- 
dual objects of special importance. or small groups of 
closely related objects. In this type of study. not only 
chc~nirjl anal>'sis but man!. other sorts or scientific 
esperimltnrs rnny be -made in  an eflort to assemble 
;IS n~uch ini'ormarion as p~~ssible about tlie glasses 
involved. 01ie of the first stud~cs of'this type was that 
of the Portlnlld Vase hy Turner.'" Some mare recent 
examples are those of rhc Lycurgus CuplH' along 

jth a group r?t'similar dici~raic glasses. nud a group of 
early hlesopotamia~i Iasscs from Hasunlu. hlarlik. 
and Tell al-Rirna11.lI:~- :i The analysr: i i  usually 
severely 1i;lnclicappecl in  :hcsc in\estigatinns b!. thc 
sn~ull size 01- thc samples that arc a\,ailnble. T!~ese 
.;uturation studies bcyonli iht simply Jeicriptive 
stage :ind include an elucidntii~n ill' !he teclinique or 
:li:ln~~fiiciu~.e :~nd. il' culled Tor. :in c.\!llan:l!iirn (>I'  he 
chemistry in\ol\.ed. Tlit! should alsr* Intet t l ~ r  iinnl 
~ c ~ t  i j t '  I:lb~~rxtor! uu;cIicu~i~in :-lit. p:~rticulnr 
~>Iicnomcna ot' inrcrcsr. 

The inevir:tble resull of 11icit j iud i t j  1s :In cicr- 
irlcre:lsing admil-a1io11 !',)!' ilie _rl;~sstii;~kcrs 1 ~ 1 '  .-.:rrl!. 

times. While everxone has long admired the manual 
dexterity and the skill and patience of these craftsmen. 
we are just beginning to realise that early experirnenta- 
lists in glass also had an unexpecred delicacy of control. 
if not a comprehension. of some of the complicated 
chemical fac~ors involved in their processes. 

Supporting analyses of suspected early raw materials 
are potentially very helpful in interpreting analyses of 
the glasses themselves. but the information presently 
available on such materials is relatively sparse.rl5-lab 
The more one looks at the possibilities. rhe greater is 
the inclination ~q proceed with caution. There is a 
great danger of being misled by insuiiicient data or by 
samples which are not truly representative of the 
materials used in early times. 

Some useful methods 
11 is axiomatic in most areas of chemical a n a l v s i s - t h .  

-there 1s no one method rhat is rhe most suitable for - 

solving nil problems which may arise. because each 
analytical method has its own peculiar advantages and 
limitations. This is certainly true for glass analysis. 
Where very precise determinations of major or minor 
constituents are required. gravimetric. colorimetric. 
titration, or atomic absorption techniques might-be 
preferred. but if one is interested in trace element 
concentrations. spectrographic analysis. even with its 
inherently lower precision. may be more suitable. 
X-ray fluorescence is useful where samples cannot be 
taken. but i t  is complicated by matrix effects and can 
cause pronounced discolorarions in some glasses. 
Glasses containing manganese. for example. quickly 
become solarised by certain x-rays. The resulting 
purplecolour can be blenched rherrnally. but apparently 
only by healing to approximately 3O:C or above, and 
such treatment would be extremely hazardous to early 
glass objecrs.llA' Other special insrruments. such as the 
r lettion miciobrim 'probe and x-riy niilli pro be- have 
round special app l i ca~ ions .~~-  "1 

An extremely \alunble addilion to 111rse Inore con- 
ventional methods is neutron activation analysis. This 
method can be used to analyse very small samples non- 
dcstrucrively, and olTers a nide vcrsatilit!. in the 
rlzmenn which can be determined and the rnnzes of 
coucentration with ivhich i t  can deal.["" However. the 
facilities ~*rquired are b!. Ihr rhz most clshorate of all 
merhods. irlcluding eien :iccess to :i IIUCIL'J~ reactor. 
Sanetheless. we c:ln espect a EI-o\ving use of this 
metli~ld i n  tlie years to come because nf the greater 
rtsulutio~i no\\ a\.ailable 111 nen detector s!sten~s and 
bxause o i  the cont.eniencz thal conies along wirh rhe 
ct~rnputcrisu~ion ol' thc :~nalyricnl sclienies.~*. 221 

Thus the rncrhod ro hc cliosen by an analyst under 
gi\en circumstances depends i.ery much up011 the type 
, r i  inI;~rmation desirr~i. t ! i ~  size ors:~lnpll: rx liich can be 
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K. H. B R I L L :  THE SCIEXTIFIC fS \ 'ESTIGXTIOK OF AXCIENT GLASSES . . 
taken and sacrificed. the accuracy required. con- different analytical methods were used. Each individual .-- 
venience. expense. and availability of fricilities. In the analyst will be guided by his own criteria. and each may 
sections which follow we shall present npplicalions of lend to see the results a little differently. Consequently, 
a11 of the above methods and describe [he circumstances , no attempt is being made here to provide a comprehen- 
which led ti> their choice. 

' 

sive or  conclusive evaluation of the round-robin results. 
. The analyses submitted vary considerably in the 

An analytical 'round-robin' methods used. the number of elements determined. and 
1f the various analytical programmes referred ro above in precision and/or'accuracy. Among rhe techniques . 

are ro be of maximum value. they should be conducted employed were the 'ckassical' wet methods (incorporat- 
in  such *ays that their results can be compared to one ing combinations of gtavimetnc. ~0lOrhetriC. flame 
another. For example, if an analyst wishes to interpret photometric. atomic absorption- ~olarographic. elec- 
his own data in terms of the compositional categories trolytic, cornplexometric. and redox titration derer- 
established by Sayre's work.ij1 then he must first have minations). emi!Sion spectroscbpy. X-ray fluorescence, 
some assurance that the resulrs of his own analyses are mutron activation- 
essentiaIIy the same as would have been obtained by It is quite clear (as we all anticipared) that there is 
Sayre and his co-workefi. had they ana[ysed the same variation in rhe resuits reported bp different labora- 
glass. In a more general sense. we must have this same tories; indeed in some cases the \lariation is very wide. 
assurance whenever analyses of different glasses by Almost every labomtory repofled in one instance or 
different laboratories are to be compared, Withoutthis other a t-esult that would appear questionable if 
assurance. one can never b ~ ~ c _ e n a i n i t a n ~ b s e n e d _ . . J ~ ~  deviation from resulrs orb&CJEstof-. 
differences truly reflect differences i n  the compositions the laboratories. Much of this variability is due to 
of the glasses or are due simply to errors or to dif- differences in methods employed, and probably in 
ferences inherent in the analytical procedures of the calibration ~ f t h e  cnethods- 
laboratories involved. It is also,cIear that a great deal of exceIlenr analytical 

It often comes as a surprise to archaeolqists and work h a  been done on these glasses. and they should 
curators to learn that different laboratories analysing Serve well as a set of anabed  reference glasses for 
txactIv the same glass may turn up disparate results. :-.: future studies. While there is still considerable doubt 
The truth is that the chemical analysis of glasses is a ." to the 'true' values which should be adopted for 
dificult and still remains in some senses some of the elements in these glasses, in view of the 
an art. The an analysis is ver)l wide variability of the reported results, it should 
dependent upon [he and experience of the analyst. nevertheless be possible 10 arrive at values for most of 
The picture is funher complicatedm i n  terms of ancient the elements which will be within limits of precision 
glasses. by the fact thac the cornposirions are very ' acaptable for routine analyses of ancient glasses. Two 
complex and the presence of some elements interferes . independent statistical evaluations of the results, which 
with the accu ra[e determinarions of others. In order to have been prepared and disrributed participants, 
evaluate the extent of agreement to be expected among should soon be available to other interested persons- 
different laboratories analYsing the same an For the firs1 time W e  now have a Set of refertnce glasses 
analytical 'round-robin' was initialed in 1962 at the which !ppro~imate fairly well the ~0mp0Siti0nS 

Sixth I n~e_m_nt j0.n-1 Congrgs on .GIG%. igxe_Iy-a~ the en=ou*ttred in anc@!! !!??st!- .EFd _t herefor= jLsh*l_d 
urging of Professor Turner. In  the intervening years be' +sibrte-f& different laboratories to  correlate their 
four reference glasses. having compositions resembling earlier resuits Lo n certain extent and. more importantly, 
[hose of ancient glasses, llave been and dis- 10 calibrate future analyses in reference to one another, 
tributed t o  36 laboratories.('3, 24) Analyses of these A careful Statistical study of these resuIts, since they 
glasses have been submined by 16 laboratories and enC0tTlpaSS Such a wide ranee of anal?lti~al techniques. 
are being evaluated statistimlly; the remainder of the should also make it possible to recommend procedures 
laboratories plan ta use the glasses for calibration to be used for the determination of a t  least the critical 
purposes. elements involved in ancient glass composirions. Such 

The results of this study have been slow in emerging. mommendations could on\\! be made by people 
because of the complex compositions of the primarily concerned with glass analysis. and i~ is hoped 

glasses that had to be used.* I n  addition. the full that some of the members of Sub-committee A VlIl 
jllterpretarion of [he resulrs is difficult. benust: so many On Reference Glasses. will assist in this. It must be 

kept in mind. however, rhat improvements in chemical 
Many or (hesc rnalyscs rwre carrid out by lilboraroricz ,lol analytical rtchniques c ~ m e  l 1 e v  quickl~t and even in 

primarily concerned with $he onalr.sis or ancient ~[ESSCS. und ~htre-  the few years that have elapsed since these data were 
b r c  hud to bc essigncd a lo\\. priorit?.. The members or Comrniurt B assembled. some laboratories ha,,e revised their 
are ~ra leru l  to several rncmbcrs or Cornmil~cr A who hdvc spent u 
grr . i~  dent or rime and clfnri on rhis work. procedures. 
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Tahle 1. Results ofthe analyficaI round-robin 
KxO (wr. $3 KjO (*I. %I MRO (wr. AjgO (wf. 3 
Glnv A Ghss B Gluu A Glrrrr 8 
bborn~ory  ~Wcrkud* Rex111 Ltboruror~ .tlrfkodg Relull, Lrrborurory \Irflrorl* Result iubururrrry ,%frf/,o,i- R ~ J ~ , / I  

---.- --- - 
8,1 (rl 19 
4.3 lr) 4 
4-0 (r) I B  
1.1 (rl 9 
3 4 5  8 
3 4 0  13 
245 6 
2.92 16 
2.05 7 
2.83 22 
2.8 I 30 
2.8 I? 
2.77 16 
2.75 I 
1.71 14 
249 (r) 

M n n  valuo 2 8 6  
Thcorctiul composition 3.0 1 

3.6 (r) 
3.SB (11 
3.j8 (r] 
32 (r) 
2 4 5  
2.85 
1,115 
2.80 
2.76 
2.7 (r) 
2.6t 
1.62 
1.60 
2.5 (rl 
2.2 (r) 

SbrOr (wt. %) ~ b l d r  (wf. i:l AlnO (ivf. ;:I MnO (svf. %) 
Glau A GIrrrr B Clurs A Ghr B 
Laborarory Mcr l rd*  Result Luborurory .\~Inbod0 Rrs111f Irrborntury f l  s t  Lobnr~rrlrry .Ifctbml* Renth 

Man value 
Thmrcricat composition 

s--spcnmgnvhy c--colorirncrr~ +zmc pholomotw uiornic ~bsorptlon S-gmvlmctry ;-ilcrntion *-x-ray tluomcen~c 
(r) Rcimdd before nlcuhtioi! ol' mean 

In order to illustrate rhe variabiliry observed we have- 
sec out in Table 1 [he round-robin results for potas- 
sium, magnesium. antimony, and manganese i n  two of 
the glasses. These e!ernents are all known to be of  
special significance in the composiriens ill ancient 
glasses. 

Three examples 
Cl~oche 
.AS an example of analyses carried our I'or the general 
compilation of ancient compositions. Tublc 2 gives 
combined quantitative and spectrographic analyses of 
13 specimens of glass excavated ar: Choche. a site 
located between Srleucin and Cresiphon (Figure 1 t.1Z.j' 

The specimens are representarive of rypcs of small 
vessels excavated in strata dating from ubirut 250- 
400 A.D. A11 but one nave a pale. or full: p e n  colour 
and a characteristic enamel-like wetrthering. 

The glasses are of the expected high potassium-high 
inagnesium type. and nave nor been drcoiorised. ,ins= 
neither snrimony nor rnanganesc is present a? an 
intentional additive. The c..omposit~ons or' rhr rirsr i2 

bemuse i t  has a somewhat different appearance from 
the others. I t  is a fragment of a facer-cut vessel of 
'colourless' glass, with a black. Raky weathering crust. 

Samples are \'e? uniil'rm: sam?le I 2 j '  is Figure I.  fi.upnrc,rrr.i oj..uira/f ohjrcrs/i.orrt Cfruc./rt'. Rrcrriine ,i.trrrr 
different. On (111 cr clriuri basis this \%ah 3irspccted. rrppcqr /(.fi: c~tt; /LC:. 1 2 ~ 4 .  1245. (~ t r t i  1246 

5u 
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Table 2. Spectrograplric a t ~ d q l r a n t i r a ~ ; r e  altai~.ses (11.r. "b)  oJso~rre rllesopora~~iian glasses 
Futrr flnurs: 

One R t ~ r 1  Trl 11sar1 Jfrin 12604 
Clruclrr 1252 ~ ~ u i ~ t p o r i ~ e  rrsult) 

Thc loltowing components either WTC no1 lnund cbr were p%wnl helrw the le\~*ls i n J i c l t ~ 4 :  
-0.01 :to. So. Pb. V. Cr. Si.  Zn. As 
..0.001: Ay. Rb. Ri 
< I P:O, 

The number oC rilrnplcs having n pivcn \.:~luc L; given in t u r c n t h w  

, . - - . -- - A .- . - . - - . . - - - - . - - . - . . - . . . . . .. 
It is of the low potassium-low magnesium type and is 
decolorised with manganese. In addition. the levels of 
iron, titanium. barium. strontium, and zirconium~nlso 
differ significantly from the other Choche lasses. It 
could well be nn import from a more westerly source. 

For comparison ive have also listed analyses of four 
vessel frazments collected at Tel umm Jirin. +.q 
Sassanian glassmaking site about 25 miles frorri' 
Choche which is believed to dace ra the fifth-sixth 
century. The fragments are all from the bases of small 
blown vessels and range from green to 'colourless'. The 
most striking diKerence between rhcst glasses and 
those from Choche is :hat they all contain additive 
trmountj of manganese. but rhtre are other minor 
differences which are also believed to be signiticnnr. 

Behind all analytical sruriies rriancicnr glasses lies the 
implicit. h o p e  .chat ;lodyes will releal . chemical 
peculiarities which can serve rir  chnracterise the wiires 
of some particular Picton.. region. or period. Pre- 
sumabl) these could result t'rom the usc ot'local ran 
materinls or reliactoriej. L I ~  irnm [he pers011~1 idio- 
syncrasies ol' the glassmakeis. For the most part. 
however. compositions t:nd more to be U I - i -  a lorm. 

There is. however. cn.= small group uT objects \ v ~ L > s ~  

somposirions seem nut .?nly to chnractzkse a jpeciric 
hcrory o r  Iocaliscd regiun. bur which alsa <ern to be 
linked reasonably t i3 a local source of raw materials. 
The site is -4phnrdisias in Turkey: the glass consists ot' 
two pieces uf cuIlet and .I few vessel fragments: the 
eIrmrnrj in: l~ lved are blrron. lithium. and jtronrium: 
the mw marerial might 3r alkali I'rom nearby lakes. 

Figure 2 shows one J F  the pieces o i  cullct. \r hich 
measures about 11 cm in greatest dimension and slioas 
some contours suggesting contact with 3 crucible a r  
tank .;nrfilce.l"i] I t  is a ire11 ~nrllcrd. ; I ~ L I : I  gretn glass 

- -. .. . . - ..---A. . - "  . . . . . . . , 
:virh few bubbles or  imperfecrions, but now beautifully 
iridescent. The excavator dates the glass between the 
fifth and seventh centuries A.D. Spectrographic and 
quantitative analyses of both cullet and vessel 
liugments from Xphrodisias are given in Table 3. 

The fundamental compusirion of [he glasses is much 
the same as rhar of most ancient glasses. They are 
joda-lime-silica glasses ai th the expected impurity 
levels of aIumina. iron, and titania. and they fall into , 
Sayre's high potassium-high magnesium category. 
Neither the pieces ot' cullet nor the vessel fm, wments 
contain antimony, and the manganese level is so low 

' ihat i t  does nut seem to have been an intentional 
~ddirive.  The most unusual characteristic of all these 
glasses is a relatively high boron content. close to 1.0"; 
(3s B20::). about a hundredfold greater than is usually 
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R. H. B R I L L :  THE SCIENTlFlC INVESTIGATION O F  ANCIENT GLASSES 

Table 3. Analyses (wr. ?',) ofglnsses/i,,l Aphrodisios 

D ~ r n p t l u n  uf sumpltr 
P O .  591 Twa lnmc rliunkr o f  rullrr. ubert I2 rrnd 25 rm In prrorrsr iflrnrnsinn:uquu ~ l r u r .  fiw bubhles an#/ inrprriirrionr. iridtscrnr 
I1 10 Frarjmmr of solid lump srrm; jrrrn glu~x. sliglfrlv lrfdcsrrnr 
1111 Fro~mrnt afsfrm ul's~rrull.fbu~rd wrrr l :  uquu ~lnrs.  sllytrrly irldrsrrnr 
1 1 I f  Fraymrnr of burr or vessel nit11 radial ralsrd drmru~fon: qrwnisf~ uqtrir jtlut~. l r l i / t * \ rr~~f 
1 / 1 3  Frqrnmr of ~ a l i d  It111tn IICNI: Jurk yrren plnss, I l r lk  wr~lrh.-riby . 
r ! Id  Frtrgmcnt 111 ssrnull Irnrf~d rrssrl: srrrnhb uurrd. rrrrlrrr.rnr 

.IN smtplrr durc frunr rkr njilr-lrwnrh rrnrurirs r.tl. 

Sbr01 s Not de~rc~cd Sot dctectcd Not detmcd SUI dctccicd No1 dcrcctcd Yot dacercd Not & m c d  
.\l nO 5 WW5-0.05 VW5-0.05 0.00WO5 OW5-0.05 0.0054-05 0.M154.05 OW5-0.05 
CUO s 0-WOI-0.005 OWOI-O.WI O-MW)I-O-005 O~DWI-O~WS @MX)I-O.WS O.OOOI-OW5 0.W01-0-005 
SnO: L 0.0 1 .. 0.0 1 O~oM)S-0~005 0~MX)S-O.WS O~OOoS-O~W5 0.OMlf-o.OOS OWaS-O-W5 
PbO . s .. 0.0 1 .:U+l ' 0.0005-0~W5 0-M)I-0.0 I O~OOl-0~01 . OG€W54~W5 O . - W F - .  
020 1 0.01 . -1CI.01 0~005-0~05 - -0;WGWOS'- OX15-0.05 0405-0~05 O~WS-O.05 

' S f i  ‘ , - . q  11.1 1 t? II 0.22 0-17 1). 16 0.19 0.17 
tit0 II 0.14 0.i: 0.15 0.14 0.14 0.14 0.14 
RbzO 3 0~001-0.01 Sot ~ C I U I C ~  SOI detcctetl Not dcrcetcd Not dctectcd 301 dermcci Not dctcmed 
BtOs q 0.90 5.37 0.94 0.94 0.91 0.98 0.98 
V a 0 1  s 0,M)OS-0,rM.s Sot de~cctd So l  d t ~ s t e d  Not detccred Sot detcclcd Not dctcctcd Nor dc~ceted 
CrtO, 3 0~01-0~1 ..0.01 0.01-0~1 0.01-0-1 0.014.1 0-05&5 0.0345 
SiO I 0~005-00J - 0.01 0.005405 OM15-0.05 O~WS-0~05 0~005-0~05 0.M15-0.05 
ZrOr s O~WI-001 . .0.01 OmI-0.0 I 0.0014.01 U.M)1-0~01 D.Wl-O.01 0.00 14.01 

Elemcn~s sought but not dctccted: Co. Ap. Zn. Bi 
' d Esurnatcd by dlScrcncc 

q Qusnruarluc chcmical annlgscs by tlarnc phurornely. ;ornolcxometric and acldlmcrric r l~ntiorrr 
r Spccrrosnphic drtcrmtnatton; compusrtc oi Indtpcndcnl r s u l u  from )wo laborn~oriu 

encountered.* In addition. the lithium content (as 
Li.:O) is also correspondingly higher. reaching a level 
in excess of  O.Iuu. Very oittn both of these elements 
are bareiy detectable spectro~raphic~lly in ancient 
glasses. The strontium content f l s  SrOl is ~llso,rather 
high. bur not uniquely SO. 

I t  seems vcrl, likely that the high 0203. Li-0,  and to 
a lesser exrtnt SrO. contents are n characteristic of one 
giass i3aory (or group of iactorics) sup~i::ing _elass to 
~phrodbias.  The fact  hat the culler-was iound on. the 
sire suggests that glass ubjecrs were :nade there. 
Furthermore. there is reasonable geological evidence 
ihut the culler itsell' was made nearby. isr chere are 
lakes in \Vestern Turkey. noc h r  from .Aphrodisias. 
it here large deposits of colcmanite me collec~ed today. 
This colemanite. 3 calcium borate r 2CaO. 3B2O3. 
5H.101. occurs in association wi lh  \\.ax?. high lirhiurn 

Sa!m rnsrc.5 chis opinion tby pri%att: cumrnunlcJ:.:nt. Only four 
;i3ssc?i among those [hat he has Jnl l !sd $no\% i r a r l y  as much 
U.:O: tU.3-l " .r. \Vc I J U ~ ~ I ~ ~ S  have i t e n  a tenomcy :jr ylssscs f rom 
Hdsaniu. r l ~ t l n g  Crorn 1.. IOOO-d_CO a.~... :u cuntaln iomtV.vnar more 
9:0,: :h3n dikur s'arl!, ~I~SSCS. 1111creiiin~ly. ;I! faur o i  Sayre's , 

:sdrnaki arc Jari. otul: glasses io iucrcd b: COO. \Ve :a\e ~ i s o  nu~iccr i  
2-1 J113pScS 5: Farns\vorttl J: R i r s n ~ r  oi S\ I l ! t5  : .~dr ty  glnsscr 
.>on :11a; ;he B-0,  ;ontun[ o i  glsases irvm El .4rr.:ins I.; d i f r r c n i  . . rJm :.:-I 21 ;I~~SL.S i f o m  T!::.~cs. t i lus .  .:~d 4Cef::uci drlsc, iau13 
.::.-2:. -.:.I .l:n~ric~nt ii~rrc.1at:an ~.L'::\L.L.I! 81.0: 3 1 ~  C:I) ianiunts ~n 
.>me gransci ! C J ~  Arnnrnan ~ n r l  Thv?::: :iJzrC> :r. :!ittncutrncu 
.>I: I;:: X S I >  . I< :l:clr 0!0; ivnlcnc> ! 5%-: r a r a w u r :  -. .K K~tztlte*::. 
-.:.: .I.-.] TJ~!L+ L.k I.SIII di  CJ~C) .' 

clays and the mineral ceiestite (SrSOa).t"g) If salts 
evaporated from the lakes in this region. or ashes from 
shrubs growing there, were used by the glassmakers as . 
iheir source of alkali. the glasses might weil be expected 
to contain high contamihation levels of boron, lithium. 
and strontium. 

Jelemie 
The_re,is ~noch t r  prob1e.m. often overlooked. which-has 
r bearing on the interpretation of analytical data. The 
assumption has usually been made that the composi- 
tional variability within the output of a given factory 
will ordinarily be less than rhr variability among 
different factories. Indeed there are good reasons for 
making this assumption. bur nevertheless no esrimates 
have yet been made of the within-factory variability. 
The Uni\~ersity of Missouri and the Corning  museum 
of Glnss are co-aperating to analyse some 60 samples 
of various types i l T  vessels and culler excavated ar 
the fourth-century .LO. glass factory ar Jelemie in 
Gali1rtc.l"- 30' Excavarion dara indicate that the factory 
was probably in operation for not much more than 
20 years rt.. 252-383 .\.D.). When these analyses are 
cornplead. tee should have a gcod picture of the 
.-variability in comp~siriun of the ourpur atone ancient 
factory o i ~ :  this inttrvai oiiime. While the results wiil 
3ot necessarily bc. applicable to irthcr situations the:: 
should he :i useful inucx t r i  what ro -.xprcr elsewhere. 

:7 . - 
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Neutron activation anaiysis 
To the advantages of neutron activation analysis , 

mentioned earlier may be added its capability of ' 
yielding accurate analyses for elements which are. 
present in very low concentrations. even when oniy 
small samples are available. Several samples of special 
interest, including some diatretum fragments and 
dichroii: glasses. are being studied now by Perlman and 
Asaro in co-operation with the author. We are report- 
ing here some partial results because they follow up 
analyses presented at the previous International 
Congress on Glass. and illustrate the value of this 
method of analysis. 

Three examples of dichroic glasses related to the 
Lycurgus Cup have been analysed'and the results for 
gold and silver are ser out in Table 4. Spectrographic 
analyses for similar examples are also shown. bur only 

. . shcsam& from Sardis _hp been analysed by both_ - 
methods. Ar first glance the analyses do nor appear to 
agree very well. but when one recalk the exrremely 
small samples available and the very low concentra- 
tions present. the semi-quantitative spectrographic 
analyses hold up iather well. The activarion analyses 
are considered more reliable. It is apparent that rhe 
compositions of the Termancia Cup (Figure 6) and. 
the diatretum fragment horn the British Museum a r e  
both of the same species as the orher dichroic glasses 
as far as the souTce or  their dichroic coIour efficts is 
concerried.tt3 

X - R A Y  F L L O R E S C E N C E  

Surface analysis 

it is sometimes possible to turn the apparent dis- 
advantages of an an3IyficaI rne~hod to one's ia\our. 
Oqe olrhe -- - principal - . . . - - - shortcomings - of x-ray fluorescence 
is that it yields only an inil:vsiS"oT,l'rhe surTice u f  the 
sample. which ma!; nor necessarily be represenrative o i  
the material as a whole. Buc'there are siruarions where 
the analyst may specilicall!: want only a surface 
analysis. 

Figure 3. Fragtt~er~tr of Islatrric lrarrc : /us~.  ,ibo~*e. ~tuber-sraincd, 
greeni~h fransparenr glasses: below. dark hhrc. ~runsparenr glass 
~rirlr dense .vello~r. opuqrrr slain am1 olirc rmnsparrt~r glass wlrh 
hriglrr rcrl. opaqrrr sroiir 

.A notable esample of this was LI recent siudy of Islamic 
lustre glass (Figure 3).1:'3 in  tkhich the main objective 
tvns to determine the nature ol'rhe solourtlul decorative 
stains which extend down into rhe glass to u depth of 
about 20'pm. All the samples came from Fustot. and 
\ k i t h  the possiblc esceptiiin t ~ r '  r l ~ r  !ellow- and red- 
stained glasses. were probably made there. Th.e amber- 
stained glasses date irom the rcntli-eIcventh centuries. 
jut the yellow- and red-sroined fragments are some- 
\\hat earlier. datins prtlbitbl!. rim the ninth c)r very 
:arly.tenth centuries. X-rny ilu~rrtscencr nus an ideal 
:nenns.'for obtaining comparative and!. scs of'-~djacenr 
stained and unstained regions'and. when combined 
lvirh thc rcsuIts of severdl orher t!pes vl'rxperirnenrs, 
these analyses were uszd to establish the'basic chemical 
and physical cha~lcter  of the stained glasjes and shed 

Table 4. .Velitror~-acrivarion alrd spec1rographic~i0- I?' atmi~scs <I' sorrrc rrricirrtr i/ir.ltroic. qhrs.~cr 

Roman dizrmtum. British hfu:cum 
t 1953.10-221 
Cur Bowl. Late Roman. Sardis 494 10 I; oaa .I 116 
[G 63;18) 

Lycutpus CUD. British >lusturn - 20 - 3-03 
i1958.17-11) Fuurlh-exly nfrh cmluy 

Cut glass if 
Roman. Vic%%%?&%?!'@% permission .. 10 - : .h 
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Table 5. Atral!-ses by x-ray enrission aridealission s/~cctrograplij of el~rllents in srairrs of lslu~nic litstre glasses a.l~iclt 
are not present in the base glasses 

Amber rrnnsparcnt I I 
Ytlla* opaque 6 
Red opaque 3 

'5n:Pb. 4s. DL. Au: Hq ' I  A$" 
Sn. Pb. 5. Ni CutO. Ca ' ~rraco .  cArUI* 
Sn. Pb. Au. Bi: Sb (.!I CuU. ( A L I - J ~  - .  

Elcmenrs soupht bur not desnted: Zn. Sb 

' Sn round in all stains: other e l c m ~ n t s  In 1;s al;liar 
t Ocuslonal trstes, posr~bly from the s u p t r l m p o d  sihcr smin 

considerable light on the technology by which they 
were crenred. The experimental findings are sum- 
marised in Table 5. lnterpretarion of these findings 
involved their comparison with early Arabic texts. 
attempts to duplicate the stains by laboratory experi- 
ments, and the pIacing of the lustre techniques within 
:he overall history of glass technology. The most 

-.-ii~ifican~concfusions~ther-than-thegurely-~-hemical--- - 

aspects. lay in the connecting role that Iusrre techniques 
pIayed in Iinking together the earlier use of silver and 
gold in late Roman dichroic glasses with the later us6 
of silver for the silver-stained cathedra1 windows ol' 
\vestern Europe: and the possible links between the red 
opaque copper stains and the ruby glasses of stained 
glass windows. . * 
The portable x-ray fluorescence spectrometer 
This new instrument["* may prove to have severrri 
useful applications in the study of early glasses. as well 
as other archaeologicnl materials. I t  can be taken to 
cxcavarion sites and on field suneys. or into museums 
> r  orher places \\here i t  can be used to.anul!.se t~bjects 
which cannot be removed or from which s:lmples 
cannot be taken. .A small radioactive source is used ro 
escite secondary s-rays I'rorn the object to be anal!.szd. 
.ind these are dr:ectcd by 3. iml l l  probe ctv1necrt.d b!. 
:able to the other pnrts of. the appantus.  

The importance r ~ i  rhis instrument lics nor 50 much 
!n the kind o i  :~n:!lvsis that i t  can do. because i r  cines 

ol' radintiun. there is no danger discoloration as 
there is with conventional instruments. 

The ima(~:sis of glosses from Kerrrlrreai 
Those familiar ivith the panels excavared by Scranton 
and his coIlm$ues at  Kenchreai.'". 3" will recall that 
many of  the glass inlays forming the designs. are 

--rery-i.rernii~mkr~d~frOmc~uries ot submers~on" " 

in the sea. Thus. tbr the must part, the glass inlays 
have lost their. original colours. and the only direct way 
to tell what the colours were is to remove the wearher- 
ing products from the inlays to examine the undecom- 
posed glrrss in the interiors. if any remains (Figure 4). 
The rruthor hns round that chemical analyses o i  the 
weathering products are sufficient ra aIlow one 'to 
identify indirecily the original ccrlours of mos1 or the 
glasses. But even so. it is obviously impossible to 
remove samples I'rom the most important panels, such 
3s the very striking one depicriiig Homer. Therefore. 
qualitarive nnntyses icr certain specllic elrmcnrs in the 
weathered inlays by Ineans of this instrument could 
serve to idenrify the c~riginal colours 11fthr p1assr.s. and 
:~llow one to preparc accurate colour reconstructio~s 
of  the panels. 

This instrument ma!. also- led to :In entirely netv 
approncn to the anallsis ot' jraincd glass \vindo\\s. 

54 
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Previously 'ir has always been necessary to work with 
excavated fragments. or samples removed from the 
windows or found lying Ioose in old work- 
shops,cl" 1:. 361 but it now seems quite feasible to. 
obtain completely non-destructive analyses of rep- 
resentative glasses i71 siru. Such analyses might also 
provide a means for distinguishing replacement glasses 
in cases where visual examination is inconclusive. and 
analyses of the painted decorations could also be made 
at the same time. 

Table 6 presents some results obtained with a 
portable analyser on 33 samples of stained glass or 
various coloun from several geographical locations 
and or different dates. The sampling leaves something 
to be desired, but we were limited in this preliminary 
study to the samples most readily available. Even in 
these limited data. though, some encouraging signs can 
be seen. One would expect that. for the most part, [he 
same elements would be present at about the same 
-conc~nrati6-ri~~l85se~-r)f-thesaam~da~eeitrr~~~e-- - 

cathedral. and this has been borne our by the analyses 
(samples 58 and 59). There are also indications that the 

elements present in glasses from different cathedrals do  
indeed differ significantly from one another (samples 
541, 60, 69, 7 1,  and 79). Some glasses from the same 
cathedral but of different dates also differ significantly 
(samples 69 and 70 compared with samples 65, 66, 67, 
and 68). There is even one case where the ruby glasses 
from two nearby cathedrals of similar dates resemble 
one another more closely than the glasses of other 
colours within their own cathedrals, ns if they might 
have been made in the same workshop from special 
cullet or ingredients. (See for example the RbzO 
contents of samples 72, 74, and 75. These three 
samples, along with 67. contain significantly more PbO 
and have the lowest MnO contents of the glasses 
analysed, reinforcing still further their similarities.) AII 
of the ruby glasses were found to be copper rubies, 
with apparent CuO contents ranging from about 0.1 up 
to 1.67;. There do not seem to be any particular 
correlations with concentraiions of other elements, 

-exkepr r h n m s r a  1"rh'e-rubies-endxInS~Osevaa1 
gIasses of other colours. however. also contain SnOa. 
Surprisingly, ZnO was found in 26 of the 33 glasses, 

Table 6. .-ftraI.~.ses of some early stained glasses by porroble .r-raj_Iluorercetrce rpecrrorlrerer 
Protmirnrc Dutc Cululrr .tlrrL) FP+S C4rO ZHO RbzO SrO 301 AgrO SnOr ItuO *PbO 

-.. .- . . .---a - - -- . -- --- .A- 

5 1 Czntcrbury 1200-25 Green 2.1 1.1' 0.05 0.1 0.02 0.05 0.02 - 0.01 0.10 0.2 
52 C~flterb~r? 1 - 3  Ruby 0.9 0.6 0.4 0.7 0.02 0.03 0.02 - 0.02 0.07 0.2 
3 C~ntcrbury tmb1I) .4rnber 1.4 @t - 0.05 0.04 0.07 - - - 0-20 0.1 
54 C.tn1ernur-v h ~ e  flrrtcnth Pale a r m  1.2 U.7 - 3.05 0.02 0.05 Jill - - 0.10 0.1 

Green 

Ruby 

4rnbcr 

Col~~urlas 
Grccn, 
111vcr- 
%talnnl 

CUI<)urlw 
P ~ l c  gnrn 

Grtcn. 
*~lbrr- 
LIOInCd 

Ruby 

Ruby 

O.04 0.03 

O J 6  - 

0.36 0 01 

*I 06 0.112 
J 'Jb $.0: 

1 'JT 11.03 
155  0.M 

11 1)s 0.03 

6) J9 042 

. . o . i . s  Il01 

I .?  0.5 

!.1 11.5 . 1 0.5 

i.5 0.1 
1-0 11.: 

41.5 0.4 

U.9 0.5 

1 1  ; J 

Ndrnbcrg. St. 
X u r n o c ~  St. 
Yirtnhtfq. St. 
>Jrnberf. !r. 
NdrnDcf?. sr. 
Surnazr~ 31. 

R [ c  prccn 
M e  bluc 
Ruby 
Amber 
Amocr 
~ o ~ Q u ~ ~ ! Z S .  

rcrrlnrd 
Culaurlcv, 2.4 
Ruby J-0 
Dark bluc 04 
RUDY I).J 
Ruby -3.7 
YcllDw- 1.1) 

Yurnbcw i t .  Lurenz ibW-1700 
Surnoerg. St. Lormz :. :47b 
Ulm :. lJn0 
I;lm :. 1400 
Glm, anr-Fms;tr ' A i l 1  
Ulrn. Chor-Fcmtcr .:I0 

xmbcr 
Spcyzr Dom :. : ::{I Ruby 1 ..; ,>.A 0.; - 1 111 j +)i. 1 .~1  -. - 11.IY 0.1 
S~c?cr Dorn c 1170 Yellow- :.I 0.: - 0.05 J.8)' ' 45 .1.U1 - - J13 0.1 
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: .. . / 

with the ruby sample from, Canterbury containing 
about 0.7%. Only the silver stained &asses showed the 
presence of silver. Manganese, as might be expected 
was found in all of the glasses.{16) 

As with all methods of analysis one must be careful . 
to determine just what it is'that has been analysed. 
For example, some of the ruby-stained glasses analysd 
in this study consist of ruby flashings on a 'colourless' 
glass, while others consist of thin layers of ruby glass 
laminated within a 'colourless' glass matrix. Since the 
x-ray fluorescence technique yields essentially a surface 
analysis, the results on two differently structured ' 

glasses may not be strictly comparable. 
Of course many m o y  analyses are required before 

the particular, inferences mentioned above could be 
proven; or conipositional patterns discerned, but the 
point 'of these experimtt$sS was'& make a quick survey 
of stained glass fragmen6.o 'see what the possibilities 
are for further reseiirch; :Even the scant evidence 
presented here seems strong enough ta jas t i fy~ome-  --- --.-- 
complete analyses of a ,  few stained glass cathedral 
*ndows in sitrc. We.hope'it will be possible to initiate 
experiments of thissok in the near future. 

THE ELECTRON MICROBEAM P R o B ~  
Opacifiers in inlays from the Kenchreai panels 
The electron microbeam probe, although not suitable, 
for the routine analysis of ancient glasses, hai been' 
used very effectively for speciaI applications such as 
the non-destructive analysis of miniature mosaic 
plaques and mi1Iefiori glass, and also for the analysis of 
microscopic inclusions.(J7~ 381 The first application is 
especially valuable, for there is redly no other means 
by which these objects can be analysed, for to remove-. 
a sample, even one spa11 enough for spectrographic 
anaiysis, would be to destroy a significant part of the 
object. Even if one were willing to do that, it would be 
impossible - to - take-a --  sample - - -  from. all fie- glass-corn: 
ponenis' of these miniature designs without cross 
contamination. 

'Among the inclusions analysed were flakes of 
.I.... 

opacifiers. divitrification stones, incompletely fused 
batch stones, metallic inclusions. and weathering 
produ'cts. These resuits have been presented in detail 
elsewhere soihey will not be discussed here. but there 
is one recint application which should be mentioned, 
because it employed a technique not available when 
the early work was done. These experiments consisted 
of recording the characteristic x-ray emission images 
which conform to the spatial distributions of selected 
chemical elements in samples of some ancient yellow 
.opaque @ask&: :' ...... 

As will be dis'cussed below. Rqoksby, in his studies 
of yellow opaque glasses. has shown that a changeover 
oeu*d from .the, &6' of an mrly lead-antimony 
pigmeEt -. ,... (~b&brO,) to 'a lead-tin pigment (PbSnOa) 
about o r  pno'r to, the fourth century A.D. Therefore, 
.re-. .?. .- ..,,...,, p ,  

w_hge . xnvktiga~ng - - - - ., the glasses from the-panels found 
at Kenchreai;'&@ch' date from', approximately the . 

~peno~do,~this~&an*g~v'er~it-wassurpriin~-to~nd-that-~ - 
somk of the yellow opaque glasses contained both tin 
an'd-antimony;& well lead. X-ray diffraction did 
not show cbriclisively which of the yellow pignients 
was present in the glass, or whether both were present. 

An electron microbeam probe analysis was carried 
out .'on a .flake of yellow opacifier measuring about 
230 pm b.its greatest dimension. From the coincidence .. 
of the distributions of lead and tin in this flake, shown 
in Figure 5, it is apparent that it is undoubtedly a flake 
of PbSnOa, that is, the later form of the pigment. 
(Some lead is also dissolved in the glass itself.) On the 
other hand, simihr images proved that the antimony 
o&urs separately from the tin and lead. The antimony- 

* rich regions, which are few in number, contain no lead, 
indicating that the antimony which is present is not in 
the.form .of the PbzSbzO7 pigment. An image for 
calcium indicated that there is an excess concentnition 
of that element (above the background of that found 
-in .the. .glass). whick .coincides . precisely- with the 
antimony-rich zones. This implies that the antimony is 
pment  in the form of CazSbzO7, a form of white 

Figure 5. Churacrerisric x-ray 
' fluorescence image ~howing 

disrriburion of lead and fin In 
a flake of yellow opacifier in 
glass inlay from Kenchreai 
panel (CMG 980). The 
congruence of rhese two' 
images indicates rltat rhr 
opocifir phase is the lead-rirt 
ox id^ pigmenr. PbSnOl. Field 
meosurrs abour 0.20 x 
0.25 r~mi 

(a) Lmd 

56 

(b) Tin 
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.~~..'.'..:--.-. b..< ;c;*:.@*-;,~i,: c. *;+(- . 1 . .. . . 
Figire 6. Photograph and ~oss-~cerional diagram ofJrrrgnwnr of rlre Tcmlmrch Cup. nlc thlckacss Is appro-rinrarcly 1-5 1rr111 . - L . ._ _. . ,  ..... 

opacifier in use at the same time the early form of the 
yeIIow pigment, Pb2Sb2O7*' . .':--+L. 2 LC... .'. 

.Probably this glass had been made by melting . . - - l o g e t h r A w ~  or mnre_glafses#xhxiginally con- 
tained the late PbSnOa yellow pigment and the early 
CazSbdO7 white pigment. This has a definite bearing 
on the understanding of the nature of 'the Ken'chreai 
glasses, as discwised in a later section. 

MlCROSCOPIC EXAMINATION 
<. 

Of all the scientific means used for the study of $ly 
glasses there-is none as versatiIe and valuable as low 
power microscopic examination. In a way this is ironic, 
because this use of the microscope is not primarily as 
a scientific tool. It is instead an extension of the 
experienced eye, and as such, it is a tool that can.bea 
used by the curator or private collector just .as 
effectively as by the chemist or physicist A rnicr.oscope 
with a zoom lens is suitable and, although maximum 
magnification need not exceed 30-60 x , stereoscopic 
viewing is crucial for visualising contours and spariai 
le_lationsKp_s.-Prp_visions should be made for viewing .' 

with both transmitted and in~1i&i?Iliimii.rinaiiiiI~ - 

Microscopic examination is extremely useful for the 
authentication of objects,l3g) particular1y for verifying 
whether a glass is ancient or new, for the detection or 
skillfully done restoration and repair, and for deciding 
whether an object is realiy made of glass or of some 
other material. This last question arises more often 
than one might at first expect, and the number of 
instances where clear-cut decisions arc difficult become 
more numerous as one becomes Iws inclined to be 
guided by first reactions. 

Microscopic examination is aiso heiprul for learning 
more about how objects were made. For dl the discus- 
sion that has taken place, we still do not have, or in 
some cases have not had until recently, a complete 
understanding about just how some of our most 
important types of early glass objects were made. 

Prime exampies are cored vessels. diatreta. fused 
mosaic plaques, gold glass, and early ribbed and 
hemispherical bowis. We shall certainly learn more 
a h u t  the cored vessel techniques from papers at this - 
Congress,("- 4 0  one of which describes the use' of 
a sophisticated type of microscopy, petrographic 
examination, involving the preparation of thin sections 
of a wariety of cored vessels. 

Some diatreturn fragments 
As an illustration of how microscopic examination can 
be used. Figure 6 shows a photograph of a tiny : 

fragment of the Termancia Cup{l"- 31) together with a 
sketch of another similar fragment examined by the 
author. The striations which stand out prominently in 
the photograph arc undoubtedIy due to slight inhomo- 
gencities in the oxidising-reducing character of the 
glass introduced during gathering. These subsequently 
led to the uneven precipitation of coIloidal metal 
resulting in the banded appearance. As shown in the 
sketch, the 'grain' of the glass in the posts is parallel to 
that.in the wall section or, to put it another way. the 

.. 
posts-haVe'b~n-~td'a@insf--rtie'grain!~of'the-glass. 
suggesting .strongly that this section (and presumably 
the rest of the vase!) was cut from 8 single thick-walled 
blank. Unfortunately, the one fragment examined does 
not contain much of the post section. and therefore it 
is not possible to state this conclusion definitely. 
However, examinationof other more suitabte post and 
cage fragments should serve to settle whether or nor 
this was the case. 

SimiIar evidence was observed during the micro- 
scopic examination of fragments of two other diatreta. 
one from Conimbriga which has been dated as fourrh- 
fifth cenrury ~.o.(42) In both of these piem, although 
only very limited specimens were available for ex- 
amination, small elliptical bubbles were observed in 
post f ragmen~.  In every case (about seven bubbles 
altogether) these were slightly elongated perpendicuIar 
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Figure 7 .  Draiving of fire cross-srrtion of a 
fragnr~nr fionr a riiatrrrrrr~r fornrtl in Corri~i~brlgu 
sirowing an rlongurcd blrbblc in rlrr port 

to the direction of the post. that is to say. par~llel to 
the ~ l a n c o f  -t_he_.wal! ._surface,.lEigure 7). Also, no- . 
discontinuity planes could be found near the regions 
where the posu joined the walls. This is very strong 
evidence that these parts of these two vessels were also 
cut from single thick-walled blanks. Similar condu- 
sions were drawn concerning a diatretum fragment 
from Corinth.(431 

In other cases, of course. the evidence may not 
always be so obvious. but striations. bubbles, and dis;, 
continuities can all provide very substantial evidence, ' 

which when carefully thought out can lead one to 
equally conclusive findings. A word of caution must 
be added, however. because microscopic observations. 
just like all others. can be misleading if one does not 
interpret the observations against suitabIe examples 
of comparative materials. The greatest danger is in . 
confusing an observation which is consistent with a 
given hypothesis for an observation which enables one 
to reject alternative hypotheses. In fact. it is almost a 
genera1 rule in archaeometric investigations that it is 
easier to disprove an idea than to prove one. 

X - R A Y  DIFFRACTION 
A useful adjunct to chemical analysis is x-ray difmc- 
tion, a means for identifying the crystal phases present 
in a material. It has found several valuable applications 
in the study of ancient glasses. including the identifica- 
tion of coloranr-opacifiers and imperfections such as 
devitrification stones and partidly reacted materials. 
X-ray diffraction requires only very srnnll samples and 
is therefore an especially useful tool for the analyst of 
ancient materials. 

The identification of opacifiers 
The most important x-ray diffraction srudies of early 
glasses were carried our by Rooksby. his earliest work 
having been done in collaboration with Turner.(.!-' 

Studies of opacifiers have also been made by Werner & 
Birn~on.(~~-50) Rooksby and Turner studied the 
opacifiers in a seIection of over 70 glasses, covering 
some 3500 years of glass history. One of their most 
significant finding is that the white and yellow 
colorant-opacifiers used during the first 17 centuries or 
so of glassmaking, were always the calciurn-antimony 
oxide, CauSbzO;, Tor white glasses. and its companion 
lend-antimony oxide, PbzSbzO;, for yellow glasses. 
Rooksby's observation of the changeover from 
Ca2SbeO.l to SnOz (tin oxide) and the coincident 
changeover from PbeSbz0.i to 'PbSnOs', which seems 
to have taken place by the middle of the fourth century, 
probably marks a 'pivotal point in glass technology. . 

Noting that both involve the substitution of another 
element. tin, for antimony it seems likeIy that this 
could be related to the changeover, noted by Sayre, 
from antimony to manganese as a decoloriaer, which 
appa~mly_began.dtlrinMtcenWqand-had-been-- 
completed by the fourth century A.D.(~) 

A very interesting x-ray diffraction study of some 
Chinese opaque glasses by Werner & Bimson~~gl 
showed that fluoride opaIs were being used in China 
as  early-as the Tzang period (A.D. 618-707). This use 
of fluoride, in the form of CaF?, preceded its use in the 
west by many centuries. 

In Table 7 are listed a few selected yellow and 'white 
opacifiers identified in the course of other studies 
during the past few years. These examples will help to 
illustrate some of the ways in which x-ray diffraction 
information is useful in glass studies. 

These results tend to expand Rooksby's generdlisa- 
' tions geographically, although they do so in an entirely 
expected manner; The yellow and white opacifiers 
found in some early giasses from al-Rimah, Nuzi. 
Mqanlu. tMarlik. and Nimmd are ail the same lead 
and calcium antimonates he has identified. as were 
those found in early examples of mosaic tessene, 
inlays; and other glasses from various sites. On the 
other hand. the Iead-tin colorant-opacifier was found 
be be present in some of the later mosaic tesserae. 

Of special importance are two yelIow-green opaque 
tesserae. samples 488 and Pb-445. The first came from 
n second-third century A.D. mosaic from Antiach-on- 
Orontes and the second from a third-century mosaic 
at Seleucia Pieria. the port city of Antioch. Along with 
a yellow bead of the first century A.D. described by 
Werner & Birnson.lj0) these samples show that the 
PbSnOa pigment was actually in use. at least in some 
places, prior to the fourth century. Sample 1 I19 is of 
considerable interest. The c ~ l o u r  of the yellow opaque 
threading on this snake thread vessel from Caerleon is 
actually a little closer to the lemon yellow of the 
PbSnOa pigment than to the richer orangy yellow of 
Pb2Sb20;. but x-ray diffr~otion showed clearly that the 
colorant was the earlier Pb.:Sb20~ pigment. 

Reproduced with permission 
The Corning Museum of Glass 



IL H. BKlLL : T H E  SCIEN'l'lFIC LNVES'I.ItiA'I.ION OF .hKCIEN-T CL~\ISSES 

Table 7. Coloranr-o/~acifi>rs ill sornc a~rc i~nf  g1assc.s 
Sunrplc 
rrfwrfbrr Otrrrrlpriun 
-. ., 
Pb.409 Tell 31-Rimah. I. 1SW s.r.: thrmdiny irom cord rr?ucl 

' 
I r u ~ m t .  glass comple~cly wprthmd. (TR 36U) 

Pb410 Tell 111-Rlmuh. t .  1500 B.c.: mnc fronl t'urzd nluwie \mxl. 
g l w  wmplctcly uc l thc r l .  ITR 65.2444, 491 

1106 Nuzl. r. 1450-I150 LC.: threadins rmm c o d  vacl .  
(MIWI I )  

1 I08 Nud. r: 1450-1350 D.c.: glnze lium hicncc phquc. 
(G52: 30-2-I7OD) 

713 Hwnlu. IM)?-850 kc- . :  synrmrcd 'frit' bend ul'quar~r 
nod yellow pryment. (HAS 5-1701 

73 I H n m l u .  l00D-850 ac.: smdl ycllow y l w  bwd. . (HAS S-1031 
Pb419 Nimrud. wen th  century o x . :  yellow glau inlny from 

ivory plaque. { N D  10240) 
P b 4 3  Rhoda. pmhb ly  thlrd-zrcond century LC.: lumps ml' 

ycllow url [ct  from b u d  Cumon dcbrir 
Pb-411 Rhodq  pmbpblv third-rid cmtury KC,: lun~ps or 

ycllow wllet tmm bwd laoory dcbr~r 
I l l 9  Cacrlcon, A.V. 140-160 concut: thrudlnp ii-unt ~nakc- 

thread v&. 154J89A, 4911 
276 Srdu,  thlrd-lburth century r.u.; nluruic t a ~ . n  

477. 971. Ktnchrul. second-lbunh a w r y  r.0. I ?I: glass inlays 
'1'19. 980 rrom 0pru si*rlttr pdnda 

- P b ~ O + - ~ h a n r Z f m . i n u n t r = H f 1 ~ I U ~ T t ) . T R I d Y 9 I ~ ~ ~ -  - - Shuvct Zion. r'ounh-6lIh c=nrury &u.: mosaic c*icfr.r 
488 Antioch-on-Oranr~s. aecond-lhlrd mrrtury n.tr.: mumic 

Iuscm 
P W 5  Sclcutin Plcrb. th~ rd  ccntury A.o.: tcucn l irim rhc 

Momis of lhc Drinking Cuniat 

Pb4l7 Dcnderdh. Rorrwn period: yluu inluy 
Pb418 Dmdcnrh. Ramun ptrtod:  ins inluy 
1022 Islumic lustre g l w  l iapmmtr ninth to awly tonth cutlrury * 
t 024 .c.u.: denrc yctlaw opnquc rtdnr an druk blue ltawlrirrcnt 

kt[= 
715 Tell al-Rlrnah. (: ISM) LC.: fuxd mowic y l w  vcucl. , 

(65-24491 
70 1 Hnrlik Tcpc. l1D0-1000 ax.: i u s d  ntosnic g l u  vtxrcl 
71 I Hnunlu. 1.. 110 kc.: id munic ~ 1 %  hmkcr. 

(HAS 64.130) 
735 Hirmnlu. r. 8 0  u.c.: <used ntuwic y l u  baker. 

[ H A S  64.110. no. i l  
739 H;~~anlu. r. Y5O B.c.: I'urcd mnsaic glusr bnkcr. \*cathchrl. 

(HAS 64.11Y. no. 21 
1121 Niinrud. rcvnrh century n.r.: lump ul'blue ilpiuu uu[lct 
999 Cantto Cup Hrsl-second c*nturr A.I~.: whilc orzr hluc. 

n c  M O ~ &  CUP. ~ C M G  FZI ,~~)  
* In  purcnthsrs when thc urigtnul clilnur a u l d  not be duternrincrl ri~uallr. 

Yclluw 

Cu.0 
Cu:O I t r . t ~ %  Pb:Sh:U:'!) 
Cur0 I l m T  Cu" ilnri Ay"1 

Analyses of n sufficient number of-samples from the 
first to fourth centuries might some day define more 
precisely the apparent date or places of changeover 
from the antimony to tin form of the pigment. This ol' 
coursc could be of help in dating objects which nre not 
precisely dated by other means. one example being the 
glasses from Kenchreni. 

Among the coloured inlays incorporated in the 
Kenchreai panels.["- 2" the yellow opaque glasses 
(Figure 4) are Fairly well represenred. and the white 
opaque less so. It will be recalled that the panels are 
not at present well-dated. but seem to date from some- 
where between rhe second and tburth centuries A.D. 
Therefore. it was or' considerable interest io know 
which forms of the opaciriers these glasses contained. 
Chemical analyses showed that tin is copiously presenr 
in many of the glosses. including rhc yellow tlpaques.. 
but antimony is also sometimes present. 

On the basis orthe uttalyscs one would guess that the 
white opuques were colou red by CitSb.~Oi (since little 
[in is present) and that the yellow opaques were 
probably cofoured by PbSnOn. but ihe picture is 
zont'used by the sporadic presence of antimony (up to 
1.2;; Sbb.05) in the yellow glasses. X-ray diffraction 
showed that PbSnOa was definitely the primary 
crystalline phase in all ot'.the yellow glasses annlysed. 
but there  is a possibility that some very slight traces of 
Pb2Sb20i could also be present in some of the yellow 
glasses with the grearest Sbz05 conrenrs. Unfortunately. 
rhz x-ray data fbr the white opaque glasses. which 
contained very little opacifier. were inconclusive. but 
the likelihood is that rhe white phase is really Ca?Sb.:O; 
and not SnOz. The quesrion that arises is h o w  to 
 reconcile the appnrenr contradiction in finding the 
tarly hrrn ol'the white pi_er~-tent with the later firm ol' 
the ycllow pigment. This led to the electron microbeam 
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Figwe 8. Fragrilcnt of conrplete[v !r.eafller~~if corcfl 
- - --res.~ei-fmm-Tei/-ul-Riu~ah~~m~i~~lensi~f~-.- -- . .. - . 

4.6 cm. Although rhe colorrr is no longer visible. 
x-ray rl;#roction showed tlrr presmce or Pb:Sb30; 
( CIMG Pb40Y) 

probe analysis discussed earlier. which resolved the 
chemical questions and paved the way for an 
archaeological interpretation. 

The sensitivity of x-ray diffraction for identifying 
these colorant-opacifiers is apparent in the results df 
some of the other samples reported in Table 7. Among 
these are several bits pf glass which. like so many 
examples of early Mesopotamian glass, are completely 
weathered through. In each u s e  it was possible to 
determine what the original colours of these glasses 
were. Figure 8 shows one of the fragments. a cored 
vessel from al-Rimah. This glass is beiieved by the 
excavators to date from about 1500 B.C. One very 
small fragment of this glass wns dissected. and it was 
found that no undecomposed glass remained within 
the interior of the fragment. but microscopic exnmina- 
tion revealed a few tiny specks of yellow material in 
what had originally been a threaded decoration. These 
weresubrnitted. still mixed with some of the weathering 
products from the glass. to x-ray diffraction analysis 
and the results clearly showed the presence of the 
PbnSbr0.l opncif er. 

We have examined a few pieces of yellow and orange 
opaque glasses which yielded curious results. This is a 
class or ancient glass objects consisting of some early 
Egyptian amulets (ordinarily dated from the sixth to 
third centuries B.c.). orange glasses which appear in 
inlays in Ptolemaic times. and orange tesserae used in 
mosaics up through the Byzanrine period. X-ray 
diffraction of a number of these glasses has shown that 
the sole colorant is cuprous oxide. Cu.0. This is of 
interest because the fiimiliar nurural form or Cue0 is 
cuprite which has a characteristic brilliant red colour, 

and it is also well known that CurO. sometimes with 
metallic copper. was the colorant in ancient red 
opaque glasses. Surprisingly, however, there are even 
some densely coloured yellow opaque glasses in which 
Cu20 appears to be primarily responsible for the 
colour: and'x-ray diffraction shows that the yeIlow 
opaque stains studied in connection with the analyses 
of Islamic lustre glasses (Table 5 )  also contain only 
Cu;lO. We believe that this colour variation is a 
particle size effect. which is also suggested by the results 
of several experimental rneI,ts.(611 This question is 
discussed further in the section on the scanning 
electron microscope. 

Other applicattons 
As mentioned before, there are other-applications of 
x-ray diffraction to the study of ,ancient @ass besides 
the identification of colorant-opacifiers. Many speci- 

. - mens-of-aste-and-refsacto~-materials-from-the- 
JeIemie excavations(29.301 have been studied by this 
means, and tell us something about the types of by- 
products that accompanied the early manufacture of 
glass. X-ray diffraction also proved to be very useful 
in the-study of the Beth She'arim slab.(521 531 Because 
this glass was so highIy crystallised, it was possible to 
learn a great deal about the thermaI history of the 
gIass and the way in which it was made. 

One of the problems which arise most comrnonfy in 
museum laboratories is that of identifying materials 
from which certain objects aremade and, as noted 
above. it is surprising how often the question is raised 

. in connection with objects tentatively identified as 
being made of glass. In cases where microscopic 
examination has not sufficed to answer this question, 
x-ray diffraction has often been very ~sefu1.~3~) We 
have encountered several objects catalogued in various 
places gs glass which have indeed been proven to be 

- faience or  other materials. There are also cases where 
the compact. highIy fired form of Egyptian blue 
(CuO, CaO. 4SiOa) ciosely resembles dark blue glasses 
micros'copically. but x-ray diffraction can be used to 
distinguish between the two. 

THE S C A N N I N G  ELECTRON 
MICROSCOPE ' 
The scanning electron microscope is a new instrument 
having a maximum resolution somewhere between 
that of the conventionai electron microscope and 
ordinary light microscopes. Its principal advantages 
are convenience of operation. ease of specimen 
preparation. and a greater depth of field than one 
ordinarily obtains with the light or transmission 
electron microscope. It is especialIy useful for examin- 
ing surfSace ropography, and severdl applications have 
been made in gtass research.l5-" 
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. . 

Figure 9. Fractured cross-secrion of fragment of Islamic Ircsrte 
g lm .  To !he right is dense yellow opaque srained zone, and ro r/tr 
lefr In, the unsfained murrir glass. Curved lines are fracrures 
originating fmm spheres believed to hr ctzprotrs o-vide porricles 

Yellow stains and opacifiers 
Some selected samples of ancient coloured opaqu i  
glasses and d s o  some of the red- and yellow-stained 
Islamic lustre glasses discussed above have been 
examined. There are severai questions related to the 
colours of these glasses, some of which bear as much 
on the fundamental physical chemistry of the glasses 
as on the historica1 aspects. We particularly hope that 
direct observations of the fine-grained particles o f  
cuprous oxide (CueO) in certain of these glasses will 
provide information on their sizes. shapes. and 
disrributions. information which in turn may help in 
explaining the apparent dependency of colour upon 
particle size. 

One of the specimens examined is a fragment of the 
dark bIue transparent variety of lustre glass having a 
dense yellow stain. which extends some 20 pm into the 
glass (Figure 3). X-ray diffraction had shown cuprous 
oxide to be the only crystalline phase present in the 
stain. but microscopic examinarion up to a magnifica- 
tion of 100x was not capable of resolving the shape 
or showing the narure of the particles responsible for 
the colour. The scanning electron microscope revealed 
the presence ot'small spherical particles of the order of 
0-5 prn in diameter (Figure 9). A micrograph of an 
orange opaque glass inlay from Denderah. also known 
to be coloured by cuprous oxide. shows a dispersion of 

.- - 
Figure 10. Fracnrre~l rrrss-strrion of rrran~r npuy~rr ,ylns~ f i n r  
Dendemh ( Ph 418) . 

difference in the sizes of these particles. For compari- 
son, the micrograph in Figure I 1  shows a considerabIy 
larger dendritic growth of cuprous oxide in a. red 
opaque g lks  inluy nIso from Dender~h. 

ISOTOPE STUDIES 
Isotope studies of ancient glasses. especialIy investiga- 
tions of the isotopic abundances of lead and oxygen, 

which appear be larger npr~ 11. P01i.di~d and C ~ C / I P ~  c~o.F.T-.Fc~',~o!~ Of/'t'd 0/70fpdP pla.7.~ 
(Figure 10). Thus. the difference in coIour between the fmm Dmdcmlr ( P h  4/71 sl~ntrinp rrrs,rrlli.vnrina rrf rrrpn,rrs o.rirlp 
yellow and the orange glasses may be duct to the it1 (/rr,(Iritirfort,t,~~ 

Reproduced with permission 
The Corning Museum of Glass 



K. H. BRILL : THE SClENTlFIC lNVESTlCATION OF ANCIENT GLASSES . - 
have yielded important information. I? the case of lead 
the information is related to the geographical origins 
of the ores from which the lead was smelted, while-in 
the case ofoxygen, the information concerns the nature. 
of the raw materials. 

The isotopes of most chemical elements are uni: 
formly distributed in nature, that is to say, sample5 of 
the elements occurring in different places or different 
substances contain the same relative proportions of 
each of that element's isotopes. Where this is not so, 
the variations in isotopic compositions often provide . 
valuable information. For example, the variation in 
the proportion of Cia to CIqs the basis of'ndiocarbon 
dating. 

Lead 
Lead is an outstanding exception among the elements. 
Because of the way they are formed, lend deposits of 
different geological ages can have distinctly different 
Pfojbf[ibb*S Bf -fi3 - ~ f ~ i ~ ~ ~ ~ ~ e f  s ~ ~ p ~ ~ o ~ ~ p ~ ~ ~ f i , ~  . ' ' 
Pb'O7, and Pb"08. Thus. lead ores coming from different 
geographical regions can often be distinguished from 
one another and many such determinations have been 
made over the years for geological purposes.(j" 1t.has 
recently becn shown that isotope ratios of lead which 
has been taken from ancient objects of lead or extrac- 
ted from ancient materials containing lead can yield 
useful information about the mining regions froth 
which the original lead ore could possibly have 
come,(56. 5 3  

Figure 12 shows a somewhat oversimplified sum- 
mary of the findings to date, which include determina- 
tions on some 120 sampIes of ores and lead from - 
archaeological objects, including metallic lead, c o p  
rosion products, alloys, pigments, glazes. and glasses. 
The four letters S, E, I, and L indicate four of the types 
of lend which seem especially abundant in archaeologi- 
cal materials, but there are many samples in the gaps 
between them. There are several complicating factors 
in interpieting these data. and we refer the reader to 
the original publications for a thorough discussion of 
these factors, but we must indicate here two of them. 
First, leads coming from wideIy separated geographical 
regions may come from geologically similar deposits 
and, therefore. can be indistinguishable isotopicaIly. 
Secondly, lead in early times. just as at present. was 
often melted down for re-use. and there was therefore 
a chance of lends from direrent sources becoming 
mixed together. 

Recent workfa) has been principally concerned with 
the derermination of isotope ratios of lead extracred 
from ancient glasses. such ns the red and yellow 
opaques to which lead was added as a11 intentional 
ingredient. As yet only nine of these glasses have been 
studied. but rhe results of  ill1 ;Ire most interesting. 
There is norhing to he added at present to what 113s 

. . 

Figure 12. L n r l  isoropc mfiox it1 a~~~nro log tca l  
ohjccfs. Tlic cnclo.rrrl arras rcprcrrtir rypcs of lrall 
oficn. fotrnd. Ntrnthcrs represen! ~1a.w.r fiortr orlrcr . 
sorim5 circd irr rlre oriai,~al IC>.W - 
L hurion-like l a d  
E 'English' l a d  
S Spanish. Wclrh. und Sardiniun lcad 
1 An empirical group contulninl: somc lcnds from 

l taly 
Lcad From yclIow opaque inlays from thc 
Kcnchrcni pancls 

,. Lcad ~ r o m  1-4 inlays rrom the Kcnchml pnncls 

been said before about these samples. but there are 
two new samples which deserve some comment. 

These samples were extracted from specimens of red 
and yellow opaque glass inlays from the Kenchreai 
paneIs. One of the questions connected with the panels 
is that of where they were made. Although they were 
found in Greece, it is very unlikely that the glass 

- itself was made there since there is not thought to have 
been-much glassmaking activity in Greece at that time. 
The panels depict Nilotic scenes, and their styIc 
strongly suggests Alexandria as the place of manu- 
facture. but there is no tangible evidence which 
Pdvours Alexandria rather than Italy, in the region of 
Rome or Naples. for example. 

Before carrying out the experiments. it was realised 
' that i T  a Lnurion-like lead were Ibund. this would not 
necessarily indicate that the glasses were made in 
Greece. because that type of lead has  rurned up in 
other places around the ancient world. On the other 
hand. any other result would rule out Greece as u place 
ot' manuP~cture. because Greece must stiIl have becn 
s:~rurated with that type of lead. even though t l~e  
Laurion rnines are believed 10 have thllrn inro disuse 
some centuries before. 

The results r>br:~ined I~rr the two p[;~sses were really 

Reproduced with permission 
The Coming Museum of Glass 



R. H. BRILL: THE SCIENTIFIC INVES'I'IGATION OF .ANCIENT G L A S S E S  

quite unexpected, and although the discussion which 
folIows may seem very involved, we- include it here 
because the situation is quite typical of those that arise 
in the evaluation of experimentat findings. 

The most significant point is that the leads in the * 

yellow and red gIasses are distinctly different from one 
another. and must have come from different sourcis. 
This indicates either that the yeIlow glasses (or more 
specifically the yellow pigment) and the red glasses 
were made in diRerent places, or that they were made 
in a place where different types of Iead were in use. for 
example, a place where lend was not mined JocalIy but 
was im'ported from different areas. It  is possible too, 
that the inlays were fashioned from earlier glasses 
salvaged from different sources, as is also suggested by 
other evidence mentioned earlier in the present paper. 

Unfortunately, it is difficult at present to relate these 
two leads to the groups shown in Figure 12, because 
the determinations were made at diffeient lnbontories 
using different techniques. Although the data are 
coii3ideEi-tTi~rSi5ZraEf hanKeTaTliEFdacK Fn-t h2- 
Figure we do not know exactly how they are related. 
Thus. the finaI interpretation of the results will have to 
await the outcome of experiments which wilI allow us 
to redraw the boundaries of the groups. Nevertheless, 
we have plotted the points on Figure I2 to give the 
reader some idea of the logic behind the experiments.. 

The Iead in the red glasses falls between Groups E" 
and I. and may be the same as that found in two green 
and red tesserae from Shavei-Zion.(sL. 5;' The placing 
o f  the yeflow glass is a little more ambiguous, because 
i t  hlIs near the boundaries of Groups L and I. In view 
of recent data. obtained on the same instrument with. 
which these two glasses were studied, we are inclined. 
to believe that the lead could be 'ItaIian' or. if it is 
like the Group L leads, that it resembles certain leads 
from Asia Minor more closely thnn the known Laurion 
lends. The lrttd in the.yellow glass also resembles that 
in sample 174. a lump of red opaque glass found at 
Tiara Hill i n  irelnnd. but not believed to have bee11 
made there." 

None ol' this. liowever. alters [lie clear hcr that the 
ttvn Ir:ids are different from une another. inid that nt 
Irasr tine ot' them. that in the red glass. mid pussihly 
borh. c:me t 'r~rn some stlurce ilther than L;~uriclii. 

Oxy_gen isotope analysis ma!* lind c ~ c n  broader 
appli~-3rir1n. Whereas Iead occurs in  most eal-ly glasses 
only m a t r x c  component. r!.xygen is nniversrrlly 

Figcue 13. Olv corrrenrs nf sortrr rr~rlrral nm/~riaLr 
irrrluding a few rrsed - for glorrrrrakitr~ - - - - - - - - - , 

1. Almosphzric oxygen 
2. Igncous racks 
3. Inland wulcrs. 
4. Scdimcntrry quartz 
. lyncous und mclnslahlc quartz 
6. Limcsronm 
7. Shcl! hush 
8. Somc quurtz sands 
9. Nnlmn 

10. Vnrious alkalis 
1 1 .  Somc cariy g1;lsscs 
d Dcviution rrom s~nndurd in purrs pcr thourand 

present. accnunting Tor nbour Jj:.;, ul' the weight of 
most glasses. 

The. isotope ol' interest is 0 1 %  which is not very 
abundant in nature, accouriting for only one atom of 
oxygen our of about every 500. Since oxygen is relatively 
susceptible to fracrionarion. the OLa content of oxygen 
I'rorn different natural sources and from dimerent types 
Sf minerals is quire variable. 0 ' s  contents are usually 
irated'in rerrns of 6. the deviation liom an accepted 
reference point on the scale of OIY contents of natural 
muterials ( Fisure 13).1"6 '"1 Rralising that the various 
raw materials used Ibr making giasws throughout 
history hate culne lion1 sources which probably had 
differing 013 contents. ic  appeared worrhwhile to 
invcsti_eare some mrly glasses to see if these differences 
might nor be reflected in the l;tsses themselves. 

The OlQontents ol' more than a hundred glasses 
have been determined by Clayton and hlayeda at the 
request of rhe author. They employed a technique 
perfected for the nna lysis o t'jilicatr rocks.''i2l Although 

' Si~luc tlic prepxarion ol' ihis manuacrrpt addi~ri>l~ur isad rso~upu 
rhe work is still in progrcss and many questions 

dclcrmjjlallr)ns oI, ;Ibuul 5,) g~~,scs illld 3:lciCI,t br,,rlm$ rcmnin to be ;~nsuel.rJ. ir all-e~dy sterns likely thxt 
;raw h w n  male by W. Sliislds. E. C~uanwrro. 311d 1. XI. \Vomplur these dctcrminatjons ofler an entirely new means 
31 ilrc h ~ l o n o l  Rurc~u al' Stund;rrd.i. Thcic dn~a H rll vrurc %cry 
Irslptill ill iliirrpwllng lllc rcstrlls ul'yl;~ssr~ ~ludicrl c:rrllcr. rr~du~lir~g L,r dinrictcrising early glasses ~ l r .  more specifically. 
IIIOSC irc~rn licnchn'ai. Inor gn~upirlg gl3ssc.s cmpirici1ly. just as has been 
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4 - 1 0 1  - - - . - - -- . L 
Figure 14. OIR contenfs of sonw CUC/!J glusscs 

-I~ix-glnr;sc~ofrarious-mIou~~~Egyp1~YIIlth-Dynastj,-r~l350 
B.C. 

2. Two blue arnu le~:  Mycenaean 
3. Two blue gluscs: Hasantu. r. 850 B.C. . 
4. Four glass-, bowls. and Inlays: Nimrud seventh e e n ~ u j  m.r. 
5. One eolourlss glass: Pcncpolls. sixrh cenrury e.c. 
6. Ten mangnncsc-dccoloriscd glasses: Rome and the Rhinellmd. 

first to fourth ccntury A.O. 
7. Five glasses. Jclcmic. A.D. 352-383. 
8. Thrce glasses: IsIarnic period 
9. Thrcc stained giassca: Chartre. r. 1 2 3 .  

10. four sained gIwu: Nurnbtrg, St. Sebald. 1379-86 . . 
I I. Three stained glasses: Spycr Dom. c. I170 
IZ. One bottle fragment: Pon Royal. Jamaica. prc-1692 
13. Weathering crust from sample I 2  
14. Two rragmenrs of colourlcss glass: ArncIung, r. 1790 
15. Two  rragmenrs of g m n  glass: Arnclung. r. 1790 

attempted by means of chemical analysis. Some typicnl 
values for the glasses are shown in Figure 14. 

The first experiments with glasses melted under 
controlled laboratory conditions suggest that time and 
temperature of melting do not drastically affect d of 
the resultant glasses. but that d depends primarily upon 
the 0 1 8  contents of the original ingredients. 

DATING METHODS 
Perhaps no technique would be more welcomed by 
archaeologists studying glasses than a reliable and 
really workabIe scientific means for accurate dating. A 
number of techniques have been tried, but at present 
we certainIy have no method that approaches general 
applicability. Among those chat have been attempted. 
with varying degrees of success. are thermoIumines- 
cence dating, fission track dating, alpha particle recoil 
track dating, rhe isotope techniques of geochronology, 
and the counting of layers within decomposition crusts. 
Each of these rechniques has shown either some utility 
or some promise for special cases, and they are 
frequently applicable to the ancillary materials excava- 
ted along with ancient glasses. They can sometimes 

provide means for showing whether given glass objects 
are ancient or  modern, even though they do not 
provide precise dates. 

Radiocarbon dating 

The question is often raised as to whether or not radio- 
carbon dating can be applied to ancient glases. The 
most straightforward answer is that it cannot, because 
the amount of mrbon remaining in most glasses, 
usually in the form of dissolved carbon dioxide, is so 
small that a very great quantity of glass would have 
to be treated in order to extract a sufficient amount 
of carbon for a dating experiment. Moreover, the 
effective date obtained would not necessarily apply to 
the glass itself but rather to the raw materials conrain- 
ingcarbon which were used in its manufacture. But the 
second qualification does lead one along another 

diremJcimF-rhprrghr. .-. 

Is it possible that the measurement of the apparent 
radiocarbon date of a piece of glass could be used to 
identify not the age of the glass but sources of raw 
materials? For example, given a sufficiently large 
quantity of glass which contains perhaps more carbon 
than is normalIy found, one could theoreticaily extract 
the carbon. obtain an apparent radiocarbon date; and 
then, if the actuaI date ol the glass melting was known, 
gain some information on the various materials which 
introduced the carbon into the glass. One such extra- 
ordinary case has actudly arisen. and although it is 
necessary to  make many over-simpiifying assumptions, 
we hope that we might collect some information 
pertinent to at least this one piece of glass. The glass 
involved is itself extraordinary. It is the huge slab of 
glass found in an ancient cistern at Beth She'arim. 
which was discussed in some detail at the fasc Inter- 
national Congress on GIass.15" .=' In contrast to most 

-pieces of ancicnr glnss this glass loses about 3% of iu 
weight upon heating at 1200°C. and a substantial pan 
of this is due to the liberation of carbon dioxide 
dissolved in the glass. 

By sacrificing about one pound of the glass and by 
careful melting in ram0 it was possible to collect about 
0.17 g of carbon in the form of a barium carbonate 
precipitate. This was counted in a speciaI low-level 
counting apparatus. but the results are not yet 
available. The author has also undertaken some 
supporting radiocarbon work on possible raw 
materials. such as ancient and modern natron and 
some beach sands. 

Radiocarbon dates have also been atrernpted for 
some samples of plaster from the fourth century A.D. 
glass factory at Jelernie.~2g~ Although the results were 
somewhat sporadic it seems that more refined experi- 
ments should permit the daring of such plasters to 
become il more accurate tool.temsnr The most serious 
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complicating factor appears to be the ivcorporation of that the amount of time required to build up an 
incompletely calcined limestone in the plaster. observable number of fission tracks in the glass is much 

longer than the ages of the glasses themselves. How- 
Potassiumlargon dating . 
The isotope techniques of geochronology, for example. 
potassium/argon dating, do not at present appear to be 
sufficiently accurate to be used for dating man-made 
objects. Within the present limits of precision it would 
be possible to say that a piece of glass might be 2000 
years old plus or minus 2000 years. 

This shows very great promise for the dating of pottery, 
but the results with ancient glasses at present do not 
look very encouraging. Natural thermoluminescence 
has been detected in a few samples, but not in others, 
and it is of interest that the more heavily devitrified 
glasses, for example, samples from the Beth She'arim 
r l a b . ~ s h o . w ~ a ~ h i ~ e m o I u m i n ~ h i c h -  - 

might be associated with devitrification crystals. It is 
rather surprising that ancient glasses do not show 
thermoluminescence because, in a qualitative sense, 
virtually all glasses do fluoresce and one would 
imagine that a glassy network structure would be 
heavily populated with whatever traps are necessary 
for building up thermoluminescence centres. It may be'.:.. 
that the transparency of the gIass causes the centres to. 
be Heached optically if excavated objects are exposed 
even momentarily to bright environments. In order to 
see if this was an important effect we have excavated in 
the dark several samples of glass at the site of Jelemie. 
These samples have been stored, cleaned, and prepared 
in only the subdued light of a red darkroom safelight. 
Unfortunately, the measurements on these samples 
have not yet been completed. The thermoluminescence 
of limestone materials associated with the walls at 
Jelemie and the tank at Beth She'anm has proved 
useful for showing qualitatively whexher or not these 
have been heated, that is to say, whether or not they 
definitely were once parts of Furnaces. 

. ever, should ancient glasses be found which have a . 

little more uranium in them it would. in principle. be 
possible to date them by this rechnique. 

Weathering crusts 

Another method that has been attempted for dating 
ancient glaaes is the counting of the microscopicalIy 
thin layers within weathering crusts.{72-7a1 Weathering 
is nearly universal among ancient glasses which have 
been exposed to sufficiently corrosive conditions. For 
the most part, because of the rather good corrosion 
resistance of most of these glasses, weathering shows 
up most often only as iridescence or thin weathering 
crusts, usually a fraction of a millimetre thick. But 
even in these. cases the weathering crusts aImost 

-invariab~y-have-laycred-strucrures;-(Thniy-excep- 
tions seem to be certain heavily leaded glasses.) There 
are occasional pieces which have particularly heavy 
weathering crusts which range from I mm up to about 
4 rnm in thickness and, when properly mounted and 
polished, it is sometimes possible to trace in them a 
continuous sequence of layers from the outermost 
surface in to the still undecomposed gIass. If one 
accepts an annual (or nearly annual) rate of formation 
beginning a t  about the time of burial in the earth or 
submersion in water, then a count of the layers in the 
crust should correspond to the number of years 
elapsed since weathering commenced. The system is 
similar to that of dendrochronology, except that a 
deterioration process is involved rather than one of 
biological growth. 

As a method of dating, this technique obviously can 
be applied to only a small fracrion of the eoriy glasses 
that have been.excavated. if for no other reason than 
that so few pieces have sufficiendy thick. intact 
weathering crusts. Moreover. the glasses with the Ieast 
chemical durability. and therefore rhose most IikeIy to 
be heavily weathered. are orten also thealeast homo- 

Alpha-particle recoil track dating geneous nnd most poorly mixed. Therefore, they 
usually have irregularly formed. convoluted weathering 

InitialI~ this technique to show promise "r structures, rarher than the essentially planar 
the dating of ancient glasses. since it does seem to layen i n  more hOmogeneous glxler 
apply to natural glasses and to minerals.["] Un- beads are a notable example. Thus. when these glasses 
fortunarely. two independent investigators(R7. 68) both are examined. the weathering crusts must be visualised 

lhe work with man-made as three-dimensional structures. often inrerpenetrating 
glasses. but neither has yet entirely rejecred the one and must bc accordingly. One 
possibiIity that it can be 01- some use. must make special eiforts to find a truly continuous 

path of lave& and not be misled into counting some 
Fission-track dating,. layers twice or completely missing others. 
This meth0d[6Q-~" has been shown ro be useful for The glasses rnosr likely to be dareable by this means 
recent glass objects which contain of the order of I",, ol' seem to be those ranging from the early eighteenth 
uranium. o i ~ t  ancient glasses contain so little uranium century back through the kledieval period. Roman 
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and Byzantine glasses are generally too resistant to 
corrosion to become heavily weathered; Egyptian 
glasses are most often found in arid environments, and . 
w here fore have not suffered much from corrosion; 

. Mesopotamian glasses are often so heavily weathered 
that no glass remains, and what does is too fragile'to 
be handled. 

Another interesting aspect of the phenomenon is 
the question of why the layered structures form. Two 
points are stressed here because they may not be 
evide~t  to the casual observer. The layers in virtually 
every case are thin, physically separated, amorphous, 
siliceous layers, with closely conforming contours. The 
only exceptions recalled by this author are occasional 
pieces of glass from underwater sites, where the crust. 
itself seems to be a physically intact body and the 
layers, though still apparent, seem to be more like 
discontinuities within that body. Also, the chemical 

, - 
rnechan-oxlayer forma- 
tion in terms of seasonal variations in temperature, or  
moisture, or both, has not been verified experimentdly. 
I t  should be kept in mind. however, chat any alterna- 
tive chemical mechanism proposed to account for the 
layering must 'be relatively insensitive to temperature 
changes, otherwise the seasonal variations in tcrnpera- 
ture might lead anyway to an annual formarion of 
layers. Thus the mechanism of layer formation 3tilT. 
poses a most intriguing problem. 

MUSEUM TOPICS 
We had hoped to touch here upon two other aspects of - 

early glass. but space will not permit it. The first of 
these was to have been a summary of the uses of a 
group of rnisceIIaneo~w examination techniques in- 
cluding ultraviolet fluorescence, radiography, and 
polariscopic examinations. a11 of which should be 
applied qs a matter of routine to imponant objects 
when they enter a collection. The second was to have 
dealt with the problems of storage and treatment of 
severely crizzled glasses. Although we cannot go into 
detail, we must call attention to the urgent need for 
further investigations of this latter topic. 

If the problems of conservation are to be solved 
rationally and effectively, it is imperative thnt treat- 
ments and the specification of storage conditions be 
based upon an understanding of the chemical 
mechanisms involved in deterioration. Instances have 
recently been found where objects which once showed 
little or no visible crizzling have become noticeably 
more crinled after having been installed in new 
exhibition surroundings. Apparently. after having 
become equilibrated with a moist cool environment 
over decades (or even centuries) there are some glasses 
which undergo a form of deterioration which is not 
visible upon casual examination. and thus may go 

unrecognised. If such objects are later placed in dry, 
centraIly heated buildings or exhibited in cases where 
they are warmed by intense illumination, the criuling 
rapidly becomes more severe and glass can begin 
to spall from the surfaces. With so many museums 
modemising their installations and facilities, ir- 
reparable damage couid be occurring now in many 
collections, without anyone realising what is happen- 
ing. Therefore, we strongly urge curators to make 
periodic examinations of suspect pieces and to  check 
through early photographic files to detect examples of 
this accelerated crizzling. We also call their attention 
to the recommendations on safe storage conditions for 
such objects.(79) Perhaps this whole area should be 
further investigated by Sub-committee B I11 on 
Scientific Examination of Ancient Glasses with the 
advice and help of glass scientists from Sub-committee 
A I1 on Durability. - 
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Sources of samples mentioned in text and tables: 
Glassei from Choche: ~ariamaddalena Negro 
Ponzi, lstituto di Archeologia, Turin. 
Glasses from Tell umm Jirin: the site was brought 
to the attention of the author by Robert McC. 
Adams. Oriental Institute. University of Chicago. 
Glasses from Aphrodiiias: Keian Erim, New York 
University, 
Sample of Termancia Cup: Luis Vazquez de Pargo, 
Museo Arquel6gico Nacional, Mndrid. 
Sample of diatrerum fragment: Anthony Werner, 
The British biuseurn. 
Sample of dichroic cut fragment: Robert Charleston, 
The Victoria and Albert Museum. 
Yellow opaque glass ( I  119): George Boon, NationaI 
Museum of Walm. 
YeIlow opaque glasses (48, Pb-45): Richard 
Stillwell, Princeton University. 
Yellow opaque glass from Tell aI-Rirnah: David 
and Joan Oates. British School of Archaeology in 
Iraq. 
Diatreturn fragment from Conimbriga: Jorge and 
Adilia AIarcfio, University of Coimbra. 
Islamic lustre glasses: The Corning Museum of 
Glass. 
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Stained glasses in Table 6: The Dean and Chapter 
of Canterbury Cathedral, Madeline Cavincss, 
Dennis King, Brian Hobley of the Herbert Art 
Gallery and Museum, C. V. da Silva Barros of the 
Museu Nacional de Arte Antiga, Lisbon, Gottfried ' 

Frenzel, and A. H. S. Megaw. 
Opaque glasses in Table 7: The British School of 
Archaeology in Iraq, The Semitic Museum, The 
University Museum (University of Pennsylvania), 
Thc Nationai Museum of Wales, The Sardis 
Expedition, The American School of Classicai 
Studies in Athens. The Department of Antiquities of 
Israei, Princeton University, and The Archaeological 
Museum, Tehran. 
Glasses in Figure 14: To  be cited in future publica- 
tion. 

Experimental work : 
Spectrographic and quantitative analyses in Tables 
2, 3, and 5, by C. A. Jedlicka and R. H. Bell of 

---Lxcius-Fitki~I;abomtori~~~New-York- -City;- - 
additional spectrographic and quantitative analyses 
in Table 3 by D. Kauser and 0. van Voorhis of 
Corning GIass Works. 
X-ray Auoresance analyses in Table 5 by D. 
Stephenson and D. Kimble of Coming Glass Works 
and C. A. Jedlicka. 
Neutron-activation analyses in Table 4 by I:.?. 
Periman and F. Asaro of Lawrence Radiation 
Laboratory. 
X-ray fluorescence analyses in Table 6 by 'I. Perlman 
and R Giauque. 
X-ray diffraction analyses in Table 7 by H. Holland,. 
B. GulIo and J. Geiger of Coming Glass Works. 
Electron microbeam probe anaIyses of Kenchreni. 
glass by W. T. Kane and N. Binkowski of Corning 
Glass Works. 
Scanning electron micrographs by E. ~ o r d a  and R. 
Fritz of Corning Glass Works. 
Thermoluminesccnce measurements by M. Han of 
University Museum, University of Pennsylvania and 
A. Liener of Bern University. 
All experimental melts by A. A. Erickson of Corning 
Glass Works. 
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THE USE OF EQUILIBRATED SILICA 

GEL FOR THE PROTECTION OF 

GLASS WITH INCIPIENT CRIZZLING 

N A PREVIOUS  PUBLICATION'^^^^^^ 
discussed glasses showing incipient crizz- 
ling, that is, gIasses in the earliest stages 

of crizziing. This condition threatens ,many 
pieces of European. East Asiatic. and Ameri- 
can glasses manufactured benveen the seven- 
teenth and. nineteenth centuries. Examples 
exist in public and private coliections through- 
our rhe world. These glasses have absorbed 
moisture during their lifetimes, becorning hy- 
drated to a depth of approximately j o  microns 
(0.05 mm). For some reason. however. possibly 
because they have been stored more-or-less 
continuously in moist environments, they have 

, not developed the same severe surface crazing 
as that which characterizes the more -familiar 
condition described simply as "criding." On 
glasses showing incipient crizzliig, the damage 
mav often be overlooked. for only when- the 
objects are viewed in just the right light do 
the silvery. crazed patterns of early crkzling 
become evidenr. Nonetheless. these glasses 
are ve? unstable. and if exposed to low rela- 
tive humidities for extended periods o f  time 
(ranging. perhaps, from several months LO a 
few years) rhe glasses slowly release their water 
of hydration. This drying-om is accompanied 
by shrinkage in the affecred laver which leads 
to the opening of fissures within that layer. The 
glass is thus transformed into a fully-criuled 

s m e  marked by a loss of transparen?. If this 
degenerative process proceeds far enough. not 
only do the objects become unsightly, but 
a loss of surface material may also occur. 
The process is not unlike rhat which produces 
crackling when a layer of mud dries out in 
strong sunlight. 

The chemical effects causing crivling were 
discussed at length in the earlier publication, 
along with experiments in which the effecrs 
were reproduced in the l abora to~ .  Ir was 
verified h a t  the primary cause of crizzling is a 
deficiency in lime in the glass composition or 
an excess of alkali, two conditions which accel- 
erate the hydration of glasses. Because it is 
believed that the degeneration of a glass with 
incipient criuling inro a severely crided state 
is the result of the loss of water of hydration. 
it seems reasonable to assume that in order to 
prevent degeneration. glasses with incipienr 
crizzting should be stored or exhibited in rela- 
tively moist conditions. so as to inhibit loss of 
their water. With rhat aim in mind. stotage at 

- 
I .  Robert H.  Brill. "Criuling-.4 Prnblem in Glass 

Conservation.*' (irrufrntrnn m .Irrhortrkqr ~ rnd  rhr -4ppfird .-!rh. 
London: T h e  Intcrnatic~nal Institute for Consen.;ltion of  
Historic and Artistic IVnrks. 1975. pp. I i 2 - 1  34. Thc first 
stage of thk research. that described in the  above publi- 
mrian. was crlnducted in pan under a xnnr lrom Thc 
Satinnal Endrlrvmmt lor the Ans. 
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constant and moderate levels of temperature 
and RH was recommended. Moreover, it was 
recommended ha t  draiatic spotlighting and ' 

regular cycling of temperature (as might be 
brought abour by turning on and off gaIlery 
lights according to a daily schedule) both be 
avoided. It was concluded thar  ambient tem- 
peratures comfortable to people were fully 
satisfactor). and that an RH of 45-4'79 should 
be the targer although any RH within a range 
of 40-j 3% would probably be quire safe. 
Short-term excursions to about g 5% or 6 3% 
were thought to cause Iiale harm, although 
long-term storage ounide those Iirnirs might 
be harmful. From what has been learned in 
rfie meanrime, these guidelines still seem valid. 

It must be emphasized char by sroring glasses 
under these conditions one can only hope to 
fo re sd  the degeneration of indpieG &ing 

into severe d n g .  Storage under these, or 
under any other condirions&hich we can pres- 
ently imagine, is nor going to undo the damage 
already inAicted upon rhe glass, nor is it going 
to correct the inherenr chemical instabificy and 
susceptibility to future degeneradon. * 

It is che aurhor's opinion that Ihe same tar- 
get conditions of tempemcure and R.H are 
probably also as safe as any obe r  conditions 
for the storage or exhibidon of already&ed 
glasses. We see no advantage. and indeed see 
disrina disadvanrages, ro unnecessarily subjm- 
ing already-crialed glasses to markedly more 
moist or markedly drier conditions than hose 
specified for glass= showing incipient criz&ng. 

Afrer the rcquiremenrs for safe storage had 
been established, a schematic plan for an ex- 
hibition case intended to atrain t hee  conditions 
was prepared. 'The second srage of our work 
was to construct such a case and moniror in 
remperacure and RH through a full year's cycle. 
That-scage has now been completed, and the 
results are presented here. 
T h e  ncu; srage of our work will be to design - 

cases for gIass installauons in the new gaIleries 
of The Corning Museum of Glass which will 

open in 1980. It  is hoped that rhe galleries 
themselves will be mainmined be~ween Iimits 
of about 35 and 65% F S  as pan of the archi- 
tecrural specifications, but there is no assur- 
ance that rhese will be met, and there are 
likely to be widely ranging short-rerm fluctu- 
auons. These conditions should probably suf- 
fice for the major parts of rhe glass collmion 
which are not very suscepni~e LO damage by 
FSl changes. However. the crizzled glasses 
(especially those with incipient aizzIing). ccr- 
tain glasses 'with painted or gilt dccontion. 
and glasses wirh parricularly fragile wealer- 
ing cxusts will require several individually con- 
mlled -. Our present intention is that hese 
cases will bc con&olled by equilibrated silica 
gel according to the guideIines bred below. 

S U M M A R Y  OF FINDIlriGS 

The discussions which follow are likely to be 
.. of inwest mostly to consen+aton and museum 

sdcntisrs. Therefore, so as to aid orher readers. 
we present a summary of our findings here at 
the beginning of this article, along with some 
recommmdacions. 

.Uhough a great deal of useful information 
has been gathered, ~s srage of the projea 
i-m been only parrially successful.' We have 
demonstrated, to our own satisfaction, that 
storage in a case controlled by equilibrated 
silica gel is a valid. safe. and practical means 
for prcvenung glass w i h  incipienr c d i n g  
from degenerating into a severely d e d  state. 
A l l  the advantages antiapated for the system 
setm to have been realized. However, h e  ex- 
perimencal case used in the most important 
experiment. whiie it proved effective in isolating 
- 

2. We have ceruin retnatiom abour publishing thc 
results of onl!. pqiaIlv successful work. bur rhc sysrcrn 
seems as promising as ever. providing that pmpcr corrtr- 
[ions arc applied. and rhc results cornplerncnt nicel! thc 
findings of Thomson. Morcover. ir will be anorhcr year 
bcforc we can p,acher additional useful dam. and wc feel 
rha~ athcn rnigllr hentiit from knowing our cxperienccs 
now. 
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the ghss from high exreriorambienr humidiues 
prevailing during the summer months. showed 
a persistent drift downward in relative humidity 
during the dry winter rnonhs. Because the dry 
winter months are the ~ ime  when proteaion is 
most needed. quesuons arose about the use- 
fulness of h e  system. 

The main point of concern was whether the 
drift was the result of simple Ieakage-as was 
expected-or whether there was some funda- 
m e n d  flaw in the principle of the system. The 
appearance of two fine arrides related to h e  
use of condirioned (equilibrated) silica gel sps- 
terns as this manuscript u= in i ts  late stages of 

. prepandon have pretty well scded our doubts. 
These w o  anitides are by Nathan StoIow of the 
National Museum af Canada in OttawaJ and 
Garq Thomson of the National Gallery in Lon- 
don.' Both emphasize the problems of case 
Leakage and provide guidelines for che quanti- 
ues of gel required to cornpensare for leakage. 
I t  is apparent to us now nor only that our case 
was not we11 enough scaled, but that the reser- 
voir of siIica gel was roo small ro prevent the 
downward drift under the  extreme^^ dry con- 
ditions prevailing in our galleries.' ., 

Our findings and recommendations (stated 
in h e  form of intentions 'for our own new in- 
srallauons) are summarized as follows: 

I. The equi!ibrated silica gel system is a valid, 
safe. and pmcEical means for controIling RH 
in cases used for the srorage OF glass and 
is recommended for prevenung the degener- 
ation of incipient criuliig inro full crizzling. 

2. Leakage is a major problem. In all but the 
most extraordinary consenzttion system, where 
the expenditure of extraordinary amounts of 
money and effon are warranted. it is wise 
to consider leakage inevitable. Insread of ar- 
tempting TO stop leakage altogerher. it is prob- 
ably much more pracrial to minimize it and 
compensate Toi the leakage that does occur. 
[One dificulcl; is the lack of any srraightfor- 
ward way of measuring leakage and therein 
lies part of  he value of Thornson's theoreucal 

rreacmenr. which permils one to come to grips 
rvith the leakage problem. I 

3. In our case designs for the $1 useum's new 
buiIding. care must be taken ro provide a suf- 
Ficiendy large quantity of equilibraring gel FoI- 
lowing the guidelines of Stolow and Thomson. 
The quanucy of gel should be of the order of 
20 kg per cubic meter of to& case volume. 
(This is.a four- to five-fold increase over what 
was used in our experimental case.) 

q. l r  is probably more practical to use a few 
small e.&ibition cases than one large w e .  We 
will a h  to have no controlled case larger than 
about 1.0-1.5 cubic meters in volume (indud- 
ing h e  equilibrating chamber). 

5. ?he siIica gel will be spread so as to pre- 
sent a large effective surface area to h e  air 
within the cases, and will be loclaccd, as much 
as possibk. in dose proximity to those objects 
ir is intended co proten Depending upon the 
nacure of the individual cases. the gel wiIl 
either be incorporated inro fabric-covered 
panels or wiU be placed in open [rays panially 
hidden by perforated surFaces. While wc would 
like to minimize she presence of water-absorb- 
ent materids other b n  silica gel. o n  the bzis 
that h e y  introduce other variabIes into the 
system, those macerids which are necessaq- 
will be selected with a iriew toward 
furcher beneficial buffering of the RH. 

6.  -4 sepamte conditioning apparatus will 
be constructed for the eqnilibralion and re- 
conditioning of the silica gel, and a back-up 
reserve of coridiuoncd gel will be mainrained. 

7. A remote sensing RH and temperamre 
probe system. similar to that described here. 

3. S a h a n  Smlow. 'The Miaaclimatc: .% Laalized Scd- 
u ~ i o n . ~  . l l u . r r r r m  Stn.). 36. So. n.'Sovcmber:Dcccmber. 
197;. pp. j f i - 3 .  This pubiiation also scr\.a ;rs an excel- 
l c n ~  cntV into Lht bibliography on this p n c r ~ l  sub jm 
1. C a m  fupmson. '5rabilir;ltion nf RH in Lxhihiticln 

Cam: Hyyrornrrrit. WalF-Time-" .Yrirrhlrr in  ( j r e ~ r m ~ f ~ n r ~ .  2.1. 

So. 3. A u g u s ~  19;;. pp. 83-1t>2. 
-5. .as ihcsr wnrds arc hcine wrirren. during the Great 

Bliu~rd (IF Fehrutlrr. I g;rl. the RH in our Sfusrum's mail1 

p l lcn .  is abrru~ I .I 5. 
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will be used to monitor case conditions and 
ambient conditionr. 

8. -411 lighting devices will be extemaI.and 
well-vented. with heat shields installed. No 
spodighung will be used for dramacic effecrs 
unless ir can be demonstrated that it produces 
no temperature increase in the objects. 
9. We will consider the use of a "double- 

\~alled" barrier to amin longer hygrometric 
halr-times. Thomson has showri hat  the hygro- 
merric half-time depends upon the difference 
between h e  in~ernal and average exrernal RH. 
If an enclosed exhibition space is surrounded 
by another enclosed space containing siiica gel 
equilibrated to rhe same targer RH, then leak- 
age from rhe inner c k b e r  .actually holding 
the glass objerrs should be much slower. be- 
cause the gradienr between that chamber and 
the surrounding chamber will be'much smaller. 

-4 few further remarks on rhe use of silica 
gel are worth repeating. Most readers already 
u.il1 be familiar with. the use of silica gel as 
a desiccant. that is, as a material intended to 
absorb all the moisture from iw surrounding 
air and leave the air as dr). as possible. If the 
silica gel is itself d q  to begin wirh. this is ex- 
acdy how it behaves, because it has such a 
strong tendency to absorb water. In the pres- 
ent application, .howmfer, the silica gel used 
has already had mrer  added LO it in propor- 
tions of rhe order of 20-30 percent by weight 

- Hence, its tendency to absorb water has been 
much reduced. Silica gel containing this much 
water does not produce a near-zero FtH in the 
surrounding air but instead, escabIishes an 
equilibrium RH of about 40-50 percent in 
the surrounding air. If the gel is h e  most 
abundant phase in a closed system and has 
a large surface area exposed. it will either 
remove moisrurc from the air or release moist- 
ure into the air unril its o\vn equilibrium RH 
has been esrabIished. Silica gel is well-suired. 
for controlling exhibiiton cases because it is 
easy ro handie. can be regenerated. does not 
become mess!. to handle in the hydrated srate. 

and is chemicdl!. i n e n  In addirion. its equilib- 
rium RH. for a given warer content. is said to be 
relauvel!. inscnsiuve LO temperature 

-4s with alI consenation rreaunenrs or pro- 
cedures. however. the silica gel sysrem must 
be employed judiciousl~. In this instance. ju- 
diciotrs!r rakes on a v e v  important meaning 
because b e r e  is one way that the system could 
go seriously wrong. 

-4s was described above. the whoh efficacy 
of this system centers around one particular 
p r o p e q  of silica gel, narnel!l, h t  it release 
or  take up moisture to maintain some constant 
RH in the surrounding air. This property of 
the gel is characrerized quantitati\*,ely by its 
equilibrium Rh zqs. moisyre content curve. 
which describes what surrounding RH come- 
sponds to what water content of the gel. Dur- 
ing the course of this work. we have come to 
appreciate that this curve is not necessarily the 
same for all lots of silica gel. In fan. buying 
silica gel might he much like buying vegetables. 
A basket of corn bought in Petunia Pump last 
y e q  might be quire different from a basket 
of corn boughr in Pachan next spring, even 
chodgh both are quite properly called "con." 
So, for the present at leasr, we feel each new 
lot of silica gel should be regarded as a unique 
enuty,-and unless the manufacturer has pro- 
li-ided an EMC zls. RH curve (an adsorption ko- 
d-ierm) the user must determine one himself. 
Our recommendation to those who might 

consider making use of silica gel is, by all 
means-so go.ahead but to be certain that the 
insdIation & supen5sed by a consen-ator or 
someone else who has a general understanding 
of how silica gel behaves. It is important first 
that care be taken to prepare the gel properly 
and to be certain thar it is equilibrated to the 
target RH desired. (This process might rake 
as long as a few weeks.) Then it is crucial that 

ti. Sathan Strllnw. -Funrlamenlal ( i s c  Dcsiyn Tor Hu- 
midity Scnsirivc Muscum C:ollccrinns." .IInrrunr .\it, t. 44. 
lio. 1 I .  February. 1966. pp. 45-52. 
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the RH of the svsrem be reliably monitored. 
The danger is b a t  if silica gel which is ndi 
sufficiently moist is used. or  if the gel is allowed 
to d q  out somehow. it could have the effect of 
drying out the glass and thereby causeaharm. 
But chis is not reason for alarm. for as long as 
the RH of the system is monitored. that should 
never happen. If the RH shows signs of drift- 
ing downward. the drift can be very simplv 
correned by adding water to rhe system; if it 

drifts upward. drier silica gel can be added. 
(In actual practice, this usually would be done 
by adding freshlyequiIibrared siIica gel.) 

D E S C R I P T I O N  OF 
A N  E X P E R I M E N T A L  C A S E  

Bemuse of budgemy limicarions, we did not 
construct new Qses for our experimenrs, bur 
instead modified existirig cases. At the outset 
it was realized that che resuIcs would nor be 
ideal, and that the cases would not meet che 
optimum spe@fications. Nevertheless, h e  ex- 
periments served well to evaluate reg ida l ly  
a number of variables. 
Our most imporrant experiment made use of 

an aluminum-framed case wirh permanendy- 
h c d  glass walls on three sides and Four large 
sliding glass doors on the front. The original 
top and ba~rorn of the case were also of plate 
glass. The inside dimensions of the &e are: 
height 1.66 m. wid& 2.87 m, and depch 40 cm. 
The volume of the exhibition case proper is 
appro xi mat el^ I .goo 1. It rests upon a steel 
base supported by six steel legs with a dear- 
ance of 4; cm beneath. T h e  case contains 
three plate glass shelves mounted on adjust- 
able steel racks. 

The main advantage of this case for our 
experiment was that because it is made of plate 
glass and metal. it did not present surfaces 
which were highIy absorbent to wacer vapor, 
The presence of fabrics or wood in a case is a 
complicating Facror. as is demonstrated below 
in an experiment with a differenr case. The 

main disadvanmge of the case was its sliding 
glass doors which were nocoriausly loose-fitting. 
The doors were sealed during the experiment 
with lenvhs of plastic tubing, used as gaskets. 
and duct tape. WhiIe chis afforded a seal: of 
sorts, it proved inconvenient to remove and 
replace the rape on those occasions when the 
case had to be opened. The interior seams of 
the case were caulked with a silicone llaulking 
which worked fine. because it remained pliable 
and. berefore. would not have cracked if the 
case had shifted. (No build-up of Fumes re- 
leased From che caulking was derecred.) Despite 
rhe effort mken. however. we know now that 
the case was noc sealed nearIy as wet1 as we 
would have liked. 
The original glass bottom was removed for 

he experiment. and a righdy-fitting, brazed 
sheet-memi compartment wai fastened perma- 
nendy in place beneath the case to serve as h e  
chamber for the silirx gel. Access to this lower 
chamber is through cwo gaskered. metal face- 
pIares. held in place wirh sheet-metal screws. 
The exterior of the rneral chamberwas painted. 
b u ~  the interior surfaces were nor 

The lower chamber contains six sheet-mew1 
racks, each of which supports four enamel 
trays measuring 39.0 cm by 17-5 Cm by 3-0 cm. 
The trays hold h e  equilibrated silica gel. In 
the experiment described. the silica geI filled 
the trays to a depth of approhacely I .  j crn. 
The exposed surface area. not corrected for 
granularity, %as about 1.3 m'. The trays were 
easily removed whenever necessary by sliding 
the racks out through the opened faceplates. 
The lower chamber is separated from the case 
itself by a paiyech~lene grid which protides 
adequate support for objects to be placed 
upon it whiIe.also permitting a Free exchange 
of air.between [he lower chamber and !he 
case proper. The volume of the equilibrating 
chamber is approximately 400 1, so that che 
tomi volumeof the system (exhibition chamber 
plus equilibra~ing chamber) is approximatelv 
2.300 1. 
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During our experiments. it was found that 
no fan or drcuiaring device was necessary. as 
rhere seemed to be sufiaendy free exchange 
of air between the two companments. This 
was helpful because it meant he re  was one 
less thing to go wrong and one less irem in the 
system requiring maintenance. This case was 
not lit excepl b!* ambient room Iighting, so no 
precautions were required against heat build- 
up from thar source. 

THE SILICA GEL 

The silica gel used for our experiments had 
been prepared earlier by Dr. David Fischer. 
who worked at the Museum from Januay, 
I 973 to December, I 975 with the assistance of 
Mr. Joseph Maio. of the Museum's smE. In 
dl, they quilibrared about 145 kg of silica gel. 
When purchased, the gd was nearly dr).. De- 
ionized, dkrilIed u-arer u-as sprayed direcrly 
onto the gel to hasten its absorption because 
storage with liquid water in a dosed compan- 
ment proved to be too slow a means for equili- 
brating the gel. (Cauaon musr be exercised 
when adding warer to silica gel because heat is 
evolved by the process.) The amount of -water 
added was calculated from data published by 
Stolow.' The cuke reported in Dr. 5tolo~-'s 
pubiicarion gives relative humidity values for 
various equilibrium moisture conrents of siIim 
gel. (The equilibrium moisture content, or 
EMC, is rhe water content expressed as a per- 
centage of the weight of the dg- gel.) In Dr. 
Fischer's prepararions, adjustments had to be 
made, which we assume resulred from differ- 
ences between the silica gel we were using and 
that used by Dr. Smlow. The separare batches 
of moistened gel were then stored in double- 
thickness plastic bags inside galvanized metal 
cans which were then sealed wid.1 rape. Dr. 
Fischer measured equilibrium RH ialues for 
samples of the separate batches afrer the air 
above them in closed chambers had come to a 
constant RH. The results ranged from 43.5% 

to 47.8 W F&l. Measurements made two years 
later on rhc batch of gel actually used in our 
case experiment' agreed to within f 0.5% RH 
with Dr. Fischer's measurements. 

Silid gel of 12-28 mesh was used. This 
was. a cornpromisc becwecn rwo effecrs. The 
smaller the gel parcides. thc greater the ex- 
posed surface area and, consquendy, the more 
rapid h c  equilibrium time. But it uas thought 
&at gel of too small a panicle sire might pro- 
duce dust problems throughout the case. Actu- 
dy, although we carried out tests specifically 
to detect dusting, none was found, and it 
concluded that for h e  way we had introduced 
the gel cm horizontal trays), the 12-28 mesh 
size u.as fine. However. Dr. Stolow mrnrnends 
using a larger size. 3-8 mesh. as rnencioned 
below. (See A Find Note.) 

A curve for equilibrium RH values i.5. EMC 
for the gel used in this experimenr was esti- 
mated by adding known weighrs of u-ater to 
known weights of the gel, which had been 
dried previously at ~ g o " c  for seven hours. 
~h'e'ivarcr was added to rhe gel by ct~poradon 
trarisfer inside sealed 9.7-liter dcsiccacor cham- 
bers. After h e  water had completely e q o r -  
ated and the RH in the chambers had become 
cons ,~ t -a  process which required several 
weeks in some instances-the systems were 
assumed to have come to equilibrium. Samples 
of the gel were removed. and their water con- 
tents were determined by drying ro constant 
weight at 18o"c. The resulung EMC 25. RH 
w e  is s h o k  in Figure 1. Also plotted on 
this graph are data for three samples of silica 
gel removed from.rhe Criuling Case during 
an experiment described below. 

The curve is displaced somewhat from the 
similar curve published by Stolow. Because 
we do not have a sufficient number of points 
for plotting both ascending and descending 

7. S~olon. Iur.  rlr.. p. j 1. Scc also. r\ Rnal Note. 
H. Davison. Code No. qn8--0R-;~.-201. Gradc 408. 

Mesh ra-26. Package 944 j. 
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branches reliably. we have elected nor to indi- 
cate hysteresis. Some of the points on the cutve 
drawn were probably crossing over from h e  as- 
cending branch t o u ~ r d  the descending branch. 
and the rhree points for h e  samples wit$dnwn 
from the a s e  should be on h e  descending 
branch. 

The rarher sharp bend in the curve near EMC 
-25% is ofspeaal interest. One wonders if such 
a plateau might result from saturation with 
water of hydnrion corresponding, for example. 
to HH,SiO,.H,O ("EMC" -23%). HISi,0,.2H,0 
("EMC" -26%), or some other stoichiornerric 
composition. Unfortunately. because of a very 
tight publication deadline. we have not yer been 
able to verify these daca by repeat runs-and 
we confess to not having made a thorough 
literature search on the subject 

T E M P E R A T U R E  A N D  RELATIVE 
H U M I D I T Y  M O N I T O R L S G  

The temperature and relarive humidity of the 
sealed experimental case were measured by 
two sensing probes placed inside the case at 
diagonally-opposed coders. The  p'iobes were 
atmched by cables to a humidity-temperature 
reader manufactured by the Phys-Chemical 
Research Corporation.' Although the svstem 
is designed to incorporate only one. sensor 
probe, a special switch box was made which 
alIows the svstem to accommodate twelve dif- 
ferent sensors. These are attached by cables 
of various lengths (measuring up to 28 rn) 
spread out in a network to various locations in 
the Museum where we chose to moniror the 
ternpenture and RH. The sensors were all 
individually calibrated by the manufacturer. 
and those used in the experiments described 
here were checked periodicalll; against a sling 
psychrometer. The two probes in the esperi- 
mental u s e  check one another to within 25 
of RH units. 

I t  was decided nor to record the data auto- 
matically, pan!? because it would have been 
r e v  expensive. and partly because it t\.auId 

have been difficult to do that simultaneousiy 
for several sensors. In any event there was 
no need ,for recording dam automatidly. For 
routine monitoring, Four readings of temper- 
ature and RH were caken between g a.m. and 
3 p.m. daily on each of the probes in che ex- 
perimencal use. During the hours when the 
biuseum offices were dosed. and on weekends. 
readings were taken by the Museum securiw 
guards on theirmunds. Normaily, four read- 
ings were caken each night. As each reading 
was taken. a notation was made of the weather 
condiuons. When experiments had just been 
started or at particularly important stages, 
more frequent readings were d e n .  It is such 
an easy matter to collect data-one simply 
presses a button and reads the temperacure 
and RH off two dials-that it is quire con- 
venient to obtain nearly continuous data. pro- 
viding only that one is willing to stay near 
the read-out meter for the interval required. 
The temperature and RH of the ambient air 
immediately oucside the test case were re- 
corded continuously on a recording hygro- 
thennograph'" which was in reasonably close 
calibration with the sensors. but which did 
not yield daca of quite as high precision and 
accuraq. 

In retrospect. h e  number of data =ken 
durjng h e  course of the research described 
below-the Criuling Case experiment. rhe 
monitoring of the Ravensmft Case. the moni- 
coring of three stadons in h e  galleries. and che 
determination of rhe EMC i.5. RH curve-is 
quite astounding. Some 20.000 individual read- 
ings of RH were recorded. along wirh an equal 
number of temperature measurements. This 
attesrs ro the facility with'which the  readin@ 

- 
9. T h e  insrrumenc IS a Hun~iternp-.: equipped wirh 

PC:RC:.I I Hm scnsins prtrbcs. The address ot'thr mmu- 
brrurcr is Phvs.(:hemiol Re~careh C:rsrpr~raiinn. :(ti 
.:crib Strcrt~. S c w  Surk. Srrr Srrri;. icnvl I .  

It). The instrun~enr is a h l i i i a r  one: mndrl nrr. 5 - 3 ~ - . r  
rn;lnula~-turcri hv the Belirtrr fnstrurnenr C:irrpr~r~rit~n r ~ t '  
B~ltimrlrc. .\liln-l;~rtd. 
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are taken. for it never seemed at ail a bother. 
and also emphasizes our indebtedness ro the 
securir!. guards who collected half of rhese 
data. 

T H E  " C R I Z Z L l N G  CXSE" 
E X P E R I M E S T  

The case described above HZ closed on Aug- 
ust 23. 1976, after 1s kg of equilibrated silica 
gel had been spread out in the enameled trays. 
.It was monitored according ro the schedule 
outlined above (about nine readings per day) 
unul Seprember 20,1976. when the relative hu- 
midity had leveled off ar 44%. Then. 120 ob- 
jects of glass, 13 with incipient & d i n g  and 
10 j already&led pieces. were placed in the 
case, and it uas resmled. The presence of the 
objects in the case appeared to cause h e  RH of 
the cndosed air to drift dounu-ard over the 
course of three weeks to a level of 40%..Evi- 
dently, the criuled glass absorbed moisture 
from chc air more quickly than the silica gel 
could replenish it. At chat point liquid u-ater 
was added to che system in order to elevate the 
RH. This had to be done five more rimes over 
rhe succeeding year to keep the RH from drop- 
ping below the 40% level. In most instances. 
the uarer %-as sprayed d i r d y  onto h e  sufiace 
of h e  gel (see A Final Note, below). but oc- 
casionally it was added as Iiquid water in small 
beakers disnibuted throughout the case. This 
lauer procedure is definitely not recommended 
(see A Spedal Precaution. below). \+'henever 
water was added, the gel was always lightly 
raked to expose a fresh surface. Sometimes 
a slighr crustiness was found, to have devel- 
oped on the surface of Ehc gel after it had 
been in the case for several weeks. This uas 
accompanied by a faint yellowish coloration. 
From the above it is clear that the presence 

of this large number of crinled objects wirh 
their large effective surface area altered h e  
RH within the case. and that h i s  effect is nor 
negligible. This is to be expected. because 
where two absorbent phases are present within 

a closed symem. b e  aaual RH established 
should be intermediate between the individual 
equilibrium ralues for the two phases. If the 
equilibrium RH values of the two phases are 
veT  different. and if a much greater effective 
surfaie area of either phase is present, rhe net 
result would be h a t  water would be "pumped" 
from one phase to chc other. forcing the less 
abundant phase LO absorb or desorb moisrure 
until it could tolerate the equilibrium RH de- 
manded b!- rhe more abundant phase. in this 
expeiiment the equilibrium RH values of the 
crivled glass1' and of rhe silica gel are quire 
close to begin with. and the effecdve surface 
areas seem well balanced against one another. 
so no exrensive transfer of water from one 
phase to Ihe other occurred. 

The case u-as d e n  through more than a 
full year's q d e  during which it became well 
smbilized for nearly six months from .4pril 
unrii October at a level of 40-43 % RH. During 
chat intend.  the ambient RH changed from 
40% to 6 5% back to 40%. During the N 7~nte r  ' 

months. however, a gradual drift downward 
cddd be seen. and it w.& rhis which had LO be 
coinpensated by the addition of liquid water 
to the system. From mid-October until mid- 
March. when the central heating u-as on, the 
RH jusr outside the case was rarely above 
2 5 %  and frequendy below 20% sometimes 
remaining for more &an a week at a time ar 
12-14%. We attribure the d w n g  out of the 
case to exchange with this very d~ air by leak- 
age. T h e  temperature and F3-3 history of the 
experimental case is summaiized and plotted 
in Figures, 2.3, and 4. 

Perhaps the most significant point is that 
the siIica gel buffered the RH changes in pre- 
cisely the way it was intended to do. Se~ting 
aside for the moment the drift caused by leak- 
age. ir is vey satisfying to see that the short- 
term flunuations are so small. Ir will be recalled 
that one of the advantages of using silica gel is 
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that its equilibrium RI-I values are said ro have 
but a small tempenmrq dependence. so that 
when the temperature changes, the gel still 
tries to maintain vinually the same RH. This 
was borne out in seveml instances where-after 
abrupt temperature changes occurred. [he 
RH was restored to its starring valui, lagging 
behind by only a few tens of minutes. 

During rhe course of these experiments. no 
visible changes occurred in the objects in die 
oses-but h e n  none were anticipated. (See 
the excepuon in chc note below.) The changes 
which would occur in i r k l e d  glasses or glasses 
with inapient criztling over a year would not 
be expeaed to be noriceable at rhe RH level 
maintained. That, after all, was the point of 
h e  experiment. However, changes on a rniao- 
scopic scale should be moni~ored in future 
experimenrs. Some such erperimenrr were 
underway at The Coming Museum of Class . 

in 197 1, wherein tapes were applied to make 
microscopic replications of crizzled surfaces. 
and h e  tapes were recorded by electron micro- 
scopy. However. the original capes were de- 
scroyed in the 1972 flood, and the work has 
not been revived, bemuse there is a certain 
danger in such experiments. To put a tape on 
the surface of a crizzled grass is to risk the 
removal of any loosely-attached material on 
h e  surface. and we have been hesitant to run 
h a t  risk. 

T H E  " R A V E N S C R O F T  CASE" 

.As pan of a special exhibidon mounted ar the 
Sfuseurn in 1976, a fine example of English 
glass. a goblet made by George Ravenscroft in 
16'76, was exhibited (CSIG no. 50.2.2). This 
vessel bears a raven's head seal. which Ravens- 
croft used ra mark his Iater glasses made with 
a corrected formula. These glasses. he sup- 
posed. would not be susceptible to crizzling. 
as had some of his earlier glasses." Never- 
theless. Ravenscrofr's correc~ed formula did 
not produce really stable glasses. and this par- 

ticular object shows clear signs of incipient 
crizzling. I r  is a prime example of h e  sort of 
glass which must be nrefully protected. If it 
is not. it wiIl surelv deteriorate into a severely- 
rrizded condiuon. 

T h e  object was to be exhibited in a small 
case constructed of plywood. The exhibition 
compartment volume was 68 1. The case was 
designed originally LO be lit from above with 
sporligha. since it was to be located in a dark- 
ened g d l e ~ .  The interior of the case was lined 
wich about one square meter of purple felt, 
which complicated control of che reiarive hu- 
miditv, as the felt tended to absorb a great 
deal of moisture. The case was made reason- 
ably air-right by sealing it with duct tape around 
dl seams. X sheet-metal trough covered with 
the same felt and lined wich polyethylene bags 
was placed in the rea2of the cuhibicion com- 
partment Then x.500 g of equilibrated silica 
gel was placed in it A sensor was suspended 
unobtrusively in rhe rear of che case, and the 
case was carefully tested before the Ravens- 
croft goblet was installed. A mock-up of a 
colorless glass laboratory beaker was placed 
where the goblet w z  to be and lit with a nvclve- 
volt lamp of a sort which frequently has been 
used throughout the Museum. The tempera- 
cure readings as measured by a thermistor 
chemometer-which accurarely rneasures.che 
temperature of the giass. and noc just the sur- 
rounding air-showed rhac iIluminarion with 
this light raised ~e temperature of even this 
colorless $ass from 27.0 to 37.j0c. This was 
judged to be completdy unacceptable for illu- 
mination of the Ravenscroft glass in its un- 
stable condition. When a plate OF hear-absorb- 
ing giass and a piece of diffusing material were 
placed between the lamp and the exhibidon 
chamber proper. the surface temperacure of 
h e  glass dropped to 32.5"~. which was sdll 

1%. Thcrc arc numernusaccounlsot'hrcnsmti's early 
cxpcrimcnta~run. Onc is: A. Hanshorne. dnnqur Ilnnkinc 
I > . . , ; , .  Scw Cork: Brusscland Brusscl. r pi;& pp. 2 JIB-24 ! . 

Reproduced with permission 
Journal of Glass Studies. The Coming Museum of Glass, Vol. 20. 3978 



regarded as a bit high, and which was still 
warmer than the air in the chamber. The 
spottight %-as replaced with a Auorescenr lamp 
having external cirrruiu). and the remperature 
then held at about Z ~ " C ,  and did nor differ 
measurably from the temperature of h e  qur- 
rounding air. Therefore, rhe modified lighung 
was deemed safe for the Ravensmoft objm 

In an effort to make the exhibit more in- 
s~rucrive. a volume from the rare book collec- 
tion of the Museum Librar). was placed in the 
case with h e  goblet. This is a 1662 edition 
of Neri's 7% Arr .g G'(m (Special CoIlection 
no. 327). The volume was opened to a page 
relevant to the chemistry of the Ravenscroft 
goblet. When placed in the case. the book 
produced a startting drop in RH. I L absorbed 
water vapor rapids, because it had been shelved 
under low-humidity condi~ons for several 
rnonhs prior to being incorporated in the 
exhibition. This is dramacic evidence rhat the 
presence of addidonal absorbent material- 
in this case the felt and the book-has an 
important effett on the RIf finally amined. 
Even as effecuvc a con~rolling agent as the 
silica gel had a hard time coping w i t h  these 
compIications. 1f one is attempting to control 
a Qse widl a material Eke siIica gel, we believe 
it is inadvisable to introduce any strongly ab 
sorbent materiais unnecessarily. For our insd- 
lation of the Ravenscroft object, water weas 
added to the system in order to elevate the 
RH somewhat -4frer the addition of 6 j g of 
water LO the 1,500 g of gel, a safe and smble 
RH of 42-45% was established and mainrained 
for twenty-four weeks, after which t h e  exhi- 
bicion NYS dismantled. Tbe Ravenscroft objea 
appears to have been completely unaffected 
by itaexhibition experience. 

THE H Y G R O M E T R I C  H A L F - T I M E  

Gar? Thomson's treaunent of the stabilization 
of relative humidity in exhibition cases" makes 
use of the concept of a hygrometric half-rime. 

h a t  is. rhe time required for the RH of a case 
to drop halfway LO the RI.4 level of drier am- 
bient air. His mathematical creaunent assumes 
an expqnential decay of the W in the case 
and rakes into account h e  mr.e of air leakage 
and'charaneristics of buffering m a t e d s  w i t h i  
tfie w e .  We have rested Thomson's model bv 
comparing it to the empirical data ,collected 
during the monitoring of our own Grizzling 
Case Thomson's model predicts that a plot of 
InlCR) rs. L should yield a smight Iine. (C is 
the RH within the a s e  ar ume t and R is rhe 
RH of the surrounding air.) 

A plot of our data for the intend between 
December 12, 1977 untiI January 23, 1978 
(Fig. 5 )  does indeed yield a straight line verify- 
ing that h e  decay is exponential. (R is known to 
have.averaged about 22 % during chis period.) 
Ffom the slope of this plot the decay constant. 
k. .was found to be o.oigz per day, and the 
calculated Mf-tiine b 36.1 days. From our 
EMC rs. RH curve an averagt value of M -5.9 
~ ~ a s s u m e d .  and in our experiment. B is * 

knoG to have been -3. j kg/mJ. Therefore, by 
using Thomson's equation m'I4 and our own 
experimendly derermined =re constant (k), 
it was possible to ca lda te  that during rhat 
intend our case was undergoing about 2.3 
air &changes per day with the ambient air. 
This figure seems somewhat high and may 
not be real. bemuse there could have been 
anoiher factor conrribuung to the downmrd 
drift. Mkei had recently been added to the 
system and the siIia gel might still have been 
in the process of reequifibrating. This would 
muse a downu'ilrd drift if rhe rate of diffusion . 

of wit& into the interior of the gel grains u+& 
relauvely slow. 

In our designs for cases for the new museum 
building, we will make use of Thorhson's model 

I g. Thomson. ap. n ~ .  
14. Tharnson. ibid.. p. 96. 

0.173 
'x = k~ i o . l i g  whcrc M = moiaurc gain in g pcr kg 

lor I 5 RH rise and B = d? weigh1 oibuffcr in tglrn'. 
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and equation by increasing B. the quancit's 
of buffering gel used,and attempt to reduce 
k bv improving sealing so as to reduce leak- 
age. In addition we shall explore still anocher 
approach. 

Thornson's explanations make clear the facr 
chat h e  leakage rate oi the u s e  is dependent 
upon the RH gradient between [he case and 
irs surroundings. His trearmenr quantifies the 
intuitive norion that the driving force behind 
leakage is the difference in RH and suggests 
h a t  one way of extending the half-time of the 
drying process is LO find some means to reduce 
the term (C-R). This. in turn. suggests that the 
presence of an air envelope of R H  dose to C 
surrounding the case would inhibir loss of 
moisture from h e  case and brings to mind 
the possibiIity of using a double barrier to fur- 
ther stabilize che case. This is just anocher way 
of looking at the rather obvious fact that a 
double-waIled container would be slower LO 

d q  out but emphasizes thac this would be es- 
pecially [rue if the space in beween also con- 
tained buffering marerial. 

We have explored this possibility 'from a 
mathematical viewpoint and believe that a 
considerable extension of hvgrometric half- 
time could be reaiized. The uIcimate value 
of such a system would be determined Ey bal- 
ancing the advancage of increasing the haif- 
time against the inconvenience and expense 
of consmcring a mare elaborate case. Such a 
balance can be made favorable onlv by the 
ingenuitv OF the case designer. 

SOME M I S C E L L - 4 3 E O C S  S O T E S  

-'The Vapor Pressure" 
of a Criuled Glass 

h group of live badIy-crizzled eighreenth-cen- 
t u n  French gobleu was placed in a chamber 
with one of the same sensor probes used for 
rnoniroring the crizrIing case. The chamber 

used was a 9.7-liter laborarnt?; desiccaror. 
afchnugh only h e  crizzled glass was placed 
in the chamber and no desicunc or  other 
materials. When the experiment was started 
rhe relarive humidity was 46%. The RH slowly 
drifted downwrd and after eight weeks. lev- 
eled off at 4 I %. I f  one disregards the effect of 
absorption and desorption of water vapor on 
che ~*alls  uf the chamber itself, it might be 
inferred that the "~2por  pressure" of [he ad- 
sorbed water and water of hydration of this- 
parkcular criuied objecc is -7.2 mrn Hg, or an 
RH of 41 9c at 20°c. This corresponds. within 
experimental error, ro che 1aIue of 42% given 
as the equilibrium RH for h e  monohydrate of 
potassium carbonate cited by Roberc Oqan.'" 
Is also makes sense chat the vapor pressure of 
water on-andlor in-a &ed glass should 
be of the order of 40% or greater. Historically, 
the glass would have become hydrated to the 
extent that ics equilibrium vapor pressure, ex- 
pressed as an equilibrium RH. would be dose 
to chat of the average ambient RH it experi- 
enced over the past three centuries. Ad that 
value probablv would have been of the order 
of 45%. 

In aseparace experimenr one of these goblers 
was heated at I lo'c for one hour and irs loss in 
weighc, presumably consisting of evolved ad- 
sorbed.warer and water of hydntion.amounred 
to o. I y g or 0.1 r % of its weightLs The surface 
area of the gobler is about 278 cm'. so iu water 
content had been about 0.00047 g lq ' .  The 
same objea was then saturated with warer by 
letting it srand in a chamber at 100% RH for 
seven1 days. and the heating repeated. This 
time the loss in weight amounted to 0.1 j g or 
0.16% of its weight. and a water conrenr of 
about 0.0006 i gicrn'. 

- 
1.5. R $1. Orvn. "Thc Safe jtoragc ai' Cnsrable Glass.^ 

,Llu.~runrr./nt~nm/. jd. Februan.. by j7. pp. atis-272. 
16. H'c thank Dr. t'ao Su and Thcrcsa hfagliocn ol' 

(:t,rning Clxs harks tbr rxrrvinq nut chis dcrerminatiun. 

..- 
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Reequilibration Ttmes 

For the system being rested to be used succcss- 
fully. it is necessa? nor only that the silica gel 
release or absorb warer as required. but also 
thar it do so quickly enough so as ro prevent the 
RH from wandering ouwide the safe levels 
specified. In order to evaluate the geI in this 
respecL a few simple experiments were con- 
duned in laboraton desiccator chambers. 

The capacir). of rhe'chambers used was 9.7 1. 
Approxima~iy go g of silica gel removed from 
the enamel uaps of the experimental case was 
placed in a covered glass dish inside the cham- 
ber. Then either a smdl quantity of freshly 
dried silica gel desiccant or a small quantity of 
liquid water was placed alongside the dish. 
The chamber was closed and allowed to dry 
our or build up a high RH. The chamber was 
then opened slightly and the dish of equili- 
brated silira gel ms uncovered and the desic- 
cant or  any remaining water removed. Thus. 
the uncovered dish of gel was exposed sud- 
denly to rather high or  low RH conditions. 
and the time ir required to restore the RH to 
its own equilibrium RH was recorded by a 
sensor probe endosed in the chamber. In 
both cases the gel responded quickly. 

In one experiment, the gel adjusred a start- 
ing RH of 69% to 41 R in about two hours. In 
another experiment, it adjusted a starring RH 
of I 3% LO 40% in about four hours. Ir is prob- 
ably m e  that a small-volume system reequili- 
brates more efficiently than a large system, 
but since the ratio of the chamber volume to 
exposed gel area UTS about the same in these 
experiments as it was in the large experimen- 
ral case, ir was surmised &at tbe recovery time 

' of the large case must be well within acceptable 
lirnics. 

,An experiment on the CrizzIing Case itself 
showed that when the case rvas Rushed out wirh 
ambient air at 17% RH. rhe silica gel reestab- 
lished its equilibrium RH of 40% wirhin abour 

eight hours: -nhe inaease to 35% RH. 75 per 
cent of the way. required only two hours.) 

-4 Special Precautian 

Usud i~ .  when water had to be added to the 
system. this was done by removing the trays of 
silica gel and spraying or squirring a measured 
volume of disdled and deionized water onto 
them. On a few occasions, however. liquid 
waLer was added by placing it in twelve small 
beakers disujbured throughout the case. In 
these instances. the RH rose temporarily. bul 
not excessivdy, because the warer eraporated 
more quiddp than h e  gel could take ir up. No 
harmful effecrs were nouced until h e  third 
time this was done. On that occasion, some 
uaur was sprayed onto the gel and some placed 
in the beakers. The moistened gel was evidently 
even slower in taking up water vapor from rhe 
air. The RH rose to a level of ~0-807t and 
smyed in that range for about fifteen hours. 
At rhat rime. it +as nouced thar one of the 
objecrs. a Venetian goblet (CMG no. ~g.g.20). 
had@ecome separated at an old repair and 
collapsed sideways. Fortunately. it did not fall. 
for if it had; it c e d y  would have broken 
badly, and could have d e n  other objects wirh 
i t  Upon examining the rest of the objecrs in 
the &see it was found h a t  LWO others had 
simiIarlg become unglued. No real harm was 
done, beausc aU of the separations were ar 
old break. We m'enrion h i s  nor only as a prc- 
caution against adding wzter ro a system in this 
way, but even more importantly. as a warning 
h a t  edge-toedge joins made with epoxy resins. 
as these had been, can apparently be loosened 
by racher short-tkrm exposures to an RH of 
the order of 70-804. This was totaIly un- 
expected by us and should be nored v e n  care- 
fully by all hose  who handle repaired glasses. 

Short-term I'anations in Relacive Humidity 

Careful observations were made of small vari- 
ations in RH which occurred over a rnarrer of 
a iew hours or a day. Normaliy, rhese r.ariations 

1 1 1  
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were no greater than one or two percentage 
units of RH, bur a few changes as great as three 
or four percentage units were observed. Gen- 
eraIIy these Iarger changes were accompanied 
by changes in temperature. When ;tempera- 
ture change of  five or six degrees occurred. 
which occasionally happened. the RH would 
usually change correspondingly; that is. a rise 
in temperature would cause a decrease in RH 
until h e  silica gel could reequilibrate the sys- 
tem. But sometimes a rise in temperature was 
associated with a rise in RH, as if one were 
watching a classicid adsorption experimen~ in 
which cht substrate releases the adsorbate as 
the temperarurc rises. These are small but 
interesdng effeas, and the processes should 
be studied further. In this connecdon. the fan 
that the KH of a given siIica gel is thought to 
be relatively insensitive to temperature changes 
implies that the equilibrium parrid pressure 
of water vapor over the gel must rise with 
temperature at about the same rate as the 
vapor pressure of warer does. 

Storage at Low ReIadve ~ ik id i ry  

In our earlier research x v e d  e~periments were 
carried out on a Silesian goblet dated to 1820 
which was donated for experimental purposes 
by Mr. Jerome Smuss.17 The o b j k .  sample 
no. 40 t 1 .  showed typical incipient crizziing. 
Chemical analyses were made of the glass. an 
electron microbeam probe profile analysis w z i  
made of the surface. and several experimental 
pieces were sawed from the rim and foot. 

After the experiments were completed. a 
few of the sawed pieces were placed in cham- 
bers with controlIed relauve humidities. .As 
reported earlier. when stored overnight at 
near-zero RH. the glass degenerated dramati- 
cally to a severely cr ided stare. But it was not 
then known how low the RH could go without 
causing degeneration. U'e now have somk fur- 
ther information on that subject. The chamber 
w i h  the next lowest RH had a levelof lo-l;l%. 

which was established over asaturated solution 

of lithium chloride. Before the fmgrnent of' 
glaqs was placed in h i s  chamber, a series of 
photomicmpphs was taken of its surface. The 
glass was placed in the chamber on J a n u a ~  3 1. 

lgis, and removed on October 25, 1977. (A 
few casual examinations had been made in the 
interim.) 

It appeared to the author that this glass 
sample showed somewhat more prominent 
crizzIing after the y o  years and nine months 
storage at the low RH than it did at the begin- 
ning of the experiment. A microscopic exam- 
ination was made, and the results were com- 
pared to the photomicrographs caken at the 
beginning. Most of the fissures which could 
be seen afcer the storage at low RN: were abo 
visible in the original photomicropphs. there 
being only about a 2-3 % iGcrease in the num- 
ber OF fissures. This relarively small increase 
in che number of fissures would not accounc 
for h e  apparent degeneration toward severe 
ctizrling, but a microscopic comparison be- 
tween this sample and anorher sample stored 
ac 70% RH did provide evidence which could 
explain it The hsures in the glass stored ar 
the lower RH were noticeably more prominent. 
They had the appearance of being wider and 
"more open" than those on the glass which 
had been stored ac the higher RH. Therefore. 
although storage at the low RH had not ap- 
preciably increased the number of fissures in 
h e  surface. it had opened them up. Conse- 
quendy. one must conclude that storage at an 
FtH in the range of 1?-14c/c for NO to chree 
years promotes a degree of dehydration. which 
is dangerous for glass with incipient crizzling. 

X Comment on Treatment 

-4lthough the corrosion of glasses has been ex- 
tensively studied. there is not complete agree- 
ment upon the decaiIs of the chemical rnech- 
anism by which the attack of water proceeds. 

I;. Sample nn. 401 I .  Figure 3. in rct'crcncc cited in 
Ibotnorc one. 
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The mechanism ma!. be complicated and in- 
deed may vary from siruation LO siruacion 'and 
from one glass system to another. Some knowl- 
edge of rhe details of the mechanisms (or. at 
le&t. a working hypothesis about rhernj is 
alu.ays necessary when attempting to devise 
treaunenrs for various types of early glasses. 
This is true for stained glasses and ancient 
glasses as well as for crizzled glass objects. We 
have some thoughts on h e  matter and some 
experiments to suggest, but. by and large. 
details of the mechanism can be established 
and accepred by the community of glass sden- , 

&t.s only after a great many experimenrs on 
many differenr glasses under x~rying and care- 
fully-controlled conditions have been a r r i e d  
out. Such an underraking is well beyond the 
scope of our Museum's scientific program, bur 
we wholeheartedly encourage others to pursue 
such studies. 

One point upon which h e r e  is general agree- 
ment is that the hydrol!*sis of glasses, their 
chemical atrack by water, results in a depletion 
of alkali at the affected surface of the glass. 
and rhe conversion of the glass into a hvdra~ed 
srare. Numerous experiments, including sev- 
eral done on a i d e d  objects at our Museum. 
have confirmed his depletion of alkali. 

An imporcant point we wish to make here 
is in response to a suggesrion which has fre- 
quently been raised. LO the effect that if crizzIing 
is caused by the removaJ of alkali. why nor 
simpl!. replace h e  alkali to reverse the process 
and restore the glass? The problem is that 
when rhe alkaIi is removed and the glass be- 
comes hydrared. the molecular structure of 
the glass is altered. That is to say. its silicate 
network. or the "skeleton" of the glass. is also 
almost certainly disintegrated by the same 
process rhar causes rhe leaching of the alkali. 
The resulting structure is probably more like 
h a r  of a hydrated silica gel than chat of the 
nriginal glass. Therefore. simple replacement 
nf the alkali KO its original concentration level 
should not be expected to transform the hy- 

drated materiai back inco a glass any more than 
the addition of carbon dioxide and water to a 
piece of charcoal should be expected LO trans- 
forni it back into an oak log. i t  is the wav atoms 
are bound together-as much as what atoms 
arebpresent-which determines the physical 
nature of matter, in chis case the glassy char- 
acter. Therefore. there is little hope, in rhe 
author's opinion. that the process of criuIing 
can be reversed chemically without some high- 
temperature process which would fuse the 
surface of the material and reconsdrure it into 
a glass. Because high-temperature weatmenu 
are not Iikely to prove both feasible and effec- 
tive, we are left only with appIications of coar- 
bigs or  impregnations to cansolidate a aizzled 
surface into something resembling its original 
glassy state. 

Until now. most efforts at consolidation have 
proven unsuccessful in that the resulting ap- 
pearances of the.weated objem have been. if 
not displeasing, at least not glasslike. I t  may 
be +at recenr research at T h e  Coming Mu- 
serrmtof Glass1' wilI offer some hope in chis 
regard. Pretreatment of other types of deteri- 
orated glasses with silanes has improved ad- 
hesion and penerntion of consoIidants. Such 
treatments may allow greater latitude in h e  
selection of consolidants and their means of 
appli&tion to crizzied glasses, so that appear- 
ances Qn be achieved which more closely re- 
semble the original glass surfaces. 

- 
' A Final Eote 

As this article was going to press. we had a 
most informative discussion with Dr. Stolow 
regarding rhe consnuction of a new case to be 
insdled in our existing galler).. This case. 
which will contain ancienr glass. will be con- 
trolled with silica gel and will be used as an 
- 

18. Unpublished work b!. Ravmond Errerr of thc Mu- 
seum.srafi' and Shclle! Reisman. then an intcrn at iht 
Museum. in consulradon rith Dr. Mcrrill Lvnn oiCorning 
[;Ills< Works. 
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experimenral installation for the new building. 
Dr. Stolow made many v e y  helpful suggestions 
and comments. some .of which have a direct 
bearing on h e  contents of this articIe. Readers 
interested in *is subject should watch, For his 
forthcoming publications in h e  consemation 
literature. 

Ir will be recalled chat in severd instances 
we added water to silica gel by spraying or 
misting it directlv onto the surface w i h  raking. 
Dr. Stolow does not recommend this procedure 
for several reasons. Firsr. it can lead to deaepi- 
tation of the gel, that is, the geI may break up 
into smaller particles. This can be a disadvan- 
tage in svsterns where the gel is supported in 
fabric-covered panels, as the smaller panicles 
fall out more easily; and also. small panicles 
produced by deaepiration mav cause dusting. 
Perhaps the most serious objeaion to adding 
liquid water directiy to rhe gel is that it is dif- 
ficulr to add the water unifomlp-and this 
difficulty becomes accentuated when one has 
to deal with large quantities of gel. In a paper 
presented at he meeting of the American In- 
stitute for Consemuon in Fort Wokh during 
June. 1978. Dr. Stolow discussed systems for 
conditioning silica gel in controlled-hurniditv 
chambers. 

Dr. Stolow feels that the presence of other 
water-abundant phases in a svstern co~trolled 
bv silica gel can have a beneficial effect by 
helping the gel to buffer the svstem. even 

though it does introduce another ,variable. He 
;~lsn prefers the use of larger-sized particles in 
.order LO prevent their escaping through the 
fabric coven of panels supporting the geI. 
Because our trial inscal1ation will involve the 
we of such panels. a mesh size of 3-8 will be 
used in accordance with Dr. Stolow's recom- 
mendation. 

, Ir would be difficult to list here the names of all 
those who contributed to &is complicated project. 
The author hopes hac chose whose namcs are nor 
mentioned below will accept his thanks anonymously 
and take sarisfaction in knowing their efforts were 
directed toward a worchwhilc  use. Special thanks 
are due Judv Snyder. who for three years recorded 
the data and looked after h e  experimental c35es. 

Shc dso assisled in the of the manu- 
 scrip^ In the later srages of this work, Susan John- 
son ably carried om these same responsibilities. 
Dr. David J. Fiichcr conducred several preliminary 
studies which. dchough they are not discussed in 
the tcxr w m  essenLial LO rhe project. He was assisted 
by Joseph Maio. who also hcfped in maintaining the 
experimental cases. -411 too often the efforts of 
members of museum security staffs go unnoticed. 
so it is a special pleasure 10 acknowledge here the 
'willing cooperation of the guards who took dam 
during hose rimes the Museum was dosed. Thev 
arc: William Buchko. Patrick Eldred. Charles Gard- 
ner. Harold Gray. Ronald Ogden. K e v  O'Shanick. 
Walrer Schroeder. Deborah Tally. Joseph Turchick. 
Rosk-ald Viele. and Paul Yorio. 
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F I G. I . Equilibrn~ion mn.r./or siiicn gd u r d  it1 /hr Cri;:linz G s r  rxprrimmr. Thr mnu shou?r rhr equilibrium RH of nir in 
ranlor1 11-ith prtpnrrd saniplrs oJ~rilirorr.,ec/ ha~*in; ~nrinuf maisrarr tonrrnis. IE.IfC is c.rprc~~cd as pcrrrntngr y/'unfrr rrlari~v lo d p  
uri,nht nf.td.1 Nr.rtrrrsu is no/ indirntrd bcr~usr of ihr mralr' numbrr afpnin~s dctmniwd. Oprn rllipsrs arr dnlo for samp1r.r o j g r f  
rrmnr*r~/mnr /hr rnrr n/ /hrrr smn,:e~ o/ thr r~prrinrrni. 
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F 1 G. 2 . Pnpr./rorn .Ilr~.  Slrdcri nna .llrr../ohmun '1 n'nijr lot bouH. Dnrn artjbrJour nrrd-~rm1rn6r lrqn ~n 
I , I J ~ I , - , -  and nrr !rpirol gprrioas whrn fhr Cri::line Cnsr x.ar i ~ , r l l  staoili;td. d.t plot showi rrtx dnm. nut-wr 
rorrtc~cd /or II sii,uh/ r.nlibrnr~nn d.r~/rrrnce hthi.rrn rht :sa r t rQt> .  
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F I G. 3 .  Pazr jrom Mrs. S y d c r j  a d  ~tlrs.  Johnson j log bwk. Dnla ow for four mid-uininrrr dcvs ~ U < T  in 
/!,78 umhtn rhcrt ulas ar k a r ~  maufall.  71u loa~cr of  each pair oJRN run= is for llu Crk:ling Cast ulhilr if 
rn.r d ~ i n g  ou/ r.rponcr~ini!r. 77rr uppn RN m a  is for onr af h chmbrr.r aJnfira gel ucti in crloblishinp 
/hr RH \*errus E.1IC mrrt (EAiC = 26.1 %). unhich utar j u t  approachin1 its evilibrium rtalr. Tht p c d ~  in 
/lrr lnnprrnlurr m n ~ r  or,/hr bo/;oms oJ'tht ~ r a p h r  rrmlt from occarional inctcmcs in ttu ambicnr trmprrarurf 
rrl!.;ttg le Jonrr pmr/in$r oj'lhr hui ldin*~i  h r a l i ~ ~  q ' s lm.  
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F I C. 4 . OncIvcar RH hho? o j ' t k  cxpm.mrntal Cric;lin.q ambirnl RH :.aluf~ rmmedia!c!r ourride thc car.  The bmkm 
Cwc plo/icd er a duilv rcmrd. RN ralucs mcasurtd at tuvr mnvs arc RH l im i~ r  u9hich inciudc appmximotc!v!,..j% o j  ihr 

locations s i lh in thr care or plollcd ar r t r t icd line?: n t c  length remrdcd data. Thr crntral rrndcnqr oj' RH ralucs nieasurcd in 

ifrach l int rcprrrrnb ,he &i!y rangc. lddit ionr of ic.a!cr lo thc d~yr r rn r  par! o/' rhr .I lwmm. rhr .4nciml G n l k ~ .  ,cmcral!~ 

?stem prt ccident in early .\forth 1.97;.  la!^ J u k  ~ y n .  and jails u-ifhin h r  mmc l i m i ~ .  bur ~lu RH ten& lo umdcr  oul- 

curly Decmbcr 1978. I n  all. somr jw mcmrmtrn!s rt,m side Ihr limi!s mo r t j i t p rn t ! r  to temporay rst rmrs afh(chcr 

w d  )a ronslrua lhir cum. Solid dots indirafr u.cek!r mean or lower RH. 

.A. .- 
:A? 

F I G. -5. Plol 111 1st C-RI versus Irrnrjar RH dam rrmrdrd 
- 

~ I I  t11r C~.r::firr~ Cnxr tvpcrmrnl duri17.c thr intcrrrrl Deccmbrr 

I T .  1 . 1 , z  /t/l./trannn z;. I ! , ~ R .  C i~ thr RH nrrnsured u.rlhrn 

rat rrur rri ~tnrr I. R i t  /he n;Yrn.iy anrbirnr MI. ubirh ir 
brnr t .~~  lo hnrr hrrn II~IIUI -I.%. nnd C, L ihr RH wilhin tlrr 

- 
I-n.rt ~ r r  I = $1. Tnr nsu/tlnp t/rni:h/ lint indicctle~ rhnr rht 

rfnirr: t~ur  111t rtrsr rrpr~nrniml wtth timc. in accordnncr 

iL.ilh 1/11' n~ndrl p r r p w d  4r Thnnrsan. Frrim rhr ~ l op r  9 thr 

litrr. 11 rrrtr t.r~trt!ftr~t II/ '  k = ~I.UI lg prr dqr it'n> r r~ lml~~tcd .  

it h~rlr-ritir/.t 11 / ! ~ ~ r n m r f r ~ r  /rniI-ttmr of .,+-.I i t !rt .  
...4 
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A NOTE OAr THE SCIENTIST'S 

DEFINITION OF GLASS 

Introdu+ion 
HE objective of this note is to explain 
or the glass scholar the scientist's def- 

inition of glass, and to describe the T 
physical pictuie that the scientist has in mind 
when he uses the word "glass." It is important 
that the scholar be familiar w$th this picture if 
he is to understand fully and evaluate the find- '' 
ings reported from time to time by scientists 
who are investigating ancient glass. 

In order to explain this picture clearly it is 
necessary to review qualitatively the funda- . 
mental concepts of the Kinetic Theory and to 
discuss the viscosity of liquids. 

The most sign3cant contributions of the 
chemist to human knowledge have been his 
successes in establishing correlations between 
the experimentally observed properties of mat- 
ter and his knowledge of its composition and 
smcture. The chemist treats the composition 
of matter in term of atoms of chemical ele- 
ments and the ways in which they combine to 
form molecules of chemical compounds. He 
seeks to understand the changes that Occur 
when chemical substances undergo reactions 
with one another. Of equal significance, how- 
ever, are the models t l ~ e  scientist has dcvcloped 
which tell us how individual molecules are ar- 
ranged or interact within matter; that is, how 

the structure of hatter on h e  infinitesimal 
scale of the aton1 accounts for the properties of 
matter on the scale which .we observe in the 
laboratory and in our daily lives. These fincl- 
ings are summarized in the Kinetic Theory of 
Matter and will be used here to explain the 
nature of the three "classicaln states of matter-. 
CrystaIline,' liquid, and gaseou~.~ 

It  mn readily be seen that the chemical com- 
position of glass is not the thing that makes 
glass "glass." since hundreds of thousands of 
Werent chemical compositions can be made 
into glasses. (For example, the Bes of Corning 
Glass l\rorks alone contain a bewildering array 
of some 75,000 different glass compositions.) 
We must resort instead to an examination of 

-physical structure and atomic arrangements to 
define what we mean by 'glass." 

The Kinetic Theory of Matter and 
States of Matter 

The fundamental basis of the Kinetic Theory 
is that a11 matter consists of extremely tiny par- 
tides, molecules, which are constantly in mo- 

1. la modern scientific termindog the word 'solid" 
is taken to mean 'qstdine solid" 

2. For our purposcs the words "vapor" and "gas" 
may be assumed to be equivalent. 
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tion. These indindud molecules consist usu- 
ally of small numbers of at- held tightly to 
one another by fore5 cded chemical bonds. 
The motion of molecules can best be described 
in terms of a quantity defined as the kinetic 
energy.:' 

The kinetic energy OF a moving object -is 
given (in energy units called ergs) by the fol- 
lowing equation: KE = , where m is the 
mass or weight (in grams) and Y is the velocity 
(in cm./sec.) with which the object moves. This 
eq&on is known to hold for the largest, small- 
est and all intermediate material objects in the 
universe: planets, billiard balls and molecules. 

If an object is at rest its vefoaty is wo, and 
so, from the defining equation, the kinetic en- 
ergy also becomes zero. For moving objects, as 
he. velocity, o, increases, the kinetic energy in- 
creases rapidly, since it is proportional to the 
square of Y. Doubling the velocity of a moving 
object inmeases rhe kinetic energy by ,a factor 
of four; tripling the velocity increases the knet- 
ic energy by a factor of nine. Moving at the 
same velocity, objects of greater mass have'a 
proportiody greater kinetic energy. 

The h e t i c  energy of any moving nhIecule 
is directly proprtionaI to the Absolute Tein- 
perature? This means that as h e  temperature 
is inaewed &e h e t i c  energy of molecules is 
increased, and consequently the velocity with 
which the molecules me moving is also in- 
crezsed. 

At a given tempe&x the average kinetic - 
energy of all molecules is the same, regardless 
of their chemical compositions or masses. For 
example, at rwm ternperatme, a molecule of 
water bas the same kinetic energy as a molecule 
of carbon dioxide. F m  the defining equation 

then, if the kinetic energies of different mole- 
&es are to be equal, it can be seen that the 

heavier moIedes  must move somewhat more 
sIowIy than light molecules at a given tempera- 
ture. Despite the fact that molecules move v e v  
rapidly, their velocities bekg of the order of 
the velocity of d e  btUek, their in&vidua] 
b e t i c  energies are minute, since their mJsses 
are so mall. The kinetic energy of a molecule 
at room temperature is only 6 x erg? For 
comparison, one e q  is the approximate ener- 
gy expended by a mosquito in launching him- 
self intn £light. 

The kinetic energy of a molecule may be re,. 
gardd as a meanlre of its tendency to stay in 
motion. On tbe other hand, there are attractive 
forces which act between molecules and tend 
to hold them together. The magnitude of the 
attractive forces depends upon the particular 
molecules involved, but is independent of tem- 
perature There is a constant competition be- 
tweeii the kinetic energy and attractive forces. 
The relative balance betrvezn these forces 
determinu the physical state in which matter 
exists. 
Consider the chemical mbstimce, water. At 

relatively high temperatures (in ex& of the 
boiling point of 100" C.) the kinetic energy of 
he individual molecules is mther large and 
d c i e n t  to overcome the M v e  forces. 
Thertfore the molecdes move about inde- 
pendently of one another. The water is thus in 
a state and wrstitute.~ the invisible . 
vakr we caII steam. The moledes are sepa- 
rated.frorn one another by distances which are 
much greater than the size of the molecules 
themselves. They move about &'a  great ve- 
locity, coniding frequently with one another 
and the wails of the mntainer. In fact, it is the 
collisions with the walls of heir containers 

3. A dadpea of fietic n~ && cause p e s  to exert a pressure. At higher 
bc found in h o s t  m y  uptodate tcztbcak d gmerd 
chemistry on the n u  c led Mmt of thew bahncnts tempembes the haeased energy of 
sbodd be d y  int%gible to d m  of this J m d  he leads to more energetic mllYons 

4. T h e  Absolute Tempzaturc is alculated by add- 
mg Z3' to &+ temperature in Centigiadc:Rwm tern- - 
paaturt m y  bc t&cn as about 193' Ahlute .  5. 6 x 10-" = .-6. 
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producing an increase in pressure. This chaotic 
motion and general la& of interaction between 
the molecules is characteristic of all matter in 
the gaseous state. 

If the temperature is lowered thc water 
molecules give up some of &eir kinetic energy, 
and at temperatures below 100" C. the kinetic 
energy becomes comparable in magnitude to 
the attractive forces which tend to hold the 
molecules together. Physically this means that 
the molecules ]nust stay close'ta one another. 
However, the kinetic energies are stilI sufficient 
to keep them moving about. TI>@ resulting 
structure is a liquid i n  which the molecules 
move freely, and the moIecular arrangement 
constantly changes from one random configura- 
tion to another. The liquid has no mechanical 
rigidity. This liquid state occupies a much 
smaIler volume than the gaseous state because 
the molecules have less space between them. 

,At stilI lower temperatures (below the melt- 
ing point of 0" C.) the attractive forces now 
completely dominate the h e t i c  energy, and 
each molecule is held tightly in place, occupy- 
ing a definite position in a perfectly ordered 
array. This ordered structure is called a crysta1 
lattice, and may be likened to a three-dimen- 
sional checkerboard. The kinetic energy of the 
molecules here shows up in f i e  form of vibra- 
tions of each molecule around the positions 
they occupy in the crystal IatticeP The most 
important distinction behveen the liquid and 
crystalline states is that in a ~ s t a l  the mole- 
cules are arranged in a perfectly ordered fash- 
ion, whereas in a liquid they move around in a 
compIetely haphazard way and show no sem- 
blance of order. In addition, crystah have a 
mechanical rigidity that is not found in liquids, 
where the molecules are free to move with re- 
spect to one another. 

Since the magnitude of attractive forces de- 

- \ 
8. If the temperature is lowered stfIl furtlrer the 

kinetic energy continues to decrease and the vibrations 
become less and less vigorou. 

pends upon the type of molecules involved, 
each cbemiml substance 11as its own boiling 
point and melting point. Molecr~les like oxygen 
(each containing two atoms of oxygen at- 
tached together) exert very weak attractive 
forces upon one another and therefore ;he 
melting points and boiling points cue very io\v 
(-216" C. and -133" C.) Thus:oxygen is a 
gas at room temperature. For substances like 
iron or silica, the attractive forces holding the 
individual units in place are very strong ancl 
thus the melting points and boiling points are 
very high. A great deal of thermal energy is 
required to break the strong bonds that hold 
the individual units in place. 

It should aIso be noted here that most of the 
crystalhe materids we encounter in our daily 
lives do not corkst of large single cryrtds. Soil, 
plaster, concrete and metals, for example, dl 
consist of aggregates of very minute crystals. 

Figure 1 summarizes the kinetic pictures and 
conditions assbciated with these physical stntes. 

The Glnssy State, of hfaticr 

G7ithin the three "classical states" of mattcr, 
therc is no place for glasses.; X-ray studies and 
other physical measurements confirm that al- 
though glasses have the mechanical rigidity of 
czystals, they have the random or disordered 
stivcture of liquids. It is therefore necessq to 
define a fourth state of matter, the glassy state, 
which combines these two properties. The sci- 
entist:~ definition of a.glass, then, is that a glass' 
is a substance in the glassy state, a state in 
which the molecular units have a disordered 
arrangement, but sufficient cohesions to pro- 

7. There i s  also no place for many other common 
farms of matter; For c*anlple, wood, rubber, plastics, 
dough, and living ceIIs, to mention a fw. 

8. This is admittedly a weak dchition from both 
semantic and scientific viewpoints, since the terms 
"cohesion" and "rigidity" are in themselves evasive of 
exact definition, and since no quantitative extent of 
disorder is prescribed. Thk descri tion does, how- 
ever, suit the present uqmses  ol)ntablirhing the P physical picture of the g as)' state. 
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Individual molecules separated from one 
another by rcktivdy great &b& and 
moving in a mmpletdy chnotic fashion. No 
interaction between mdecules ejrcept for 
coIlisium with one: another. 

K E > A  I 

Boiling Point 

Molecules are held close to  one another by z 
attractive forces, but are not held rigidly 9 
in positinn. They move about cxmstantly c 
changing m e  &ordered state to an- .: - rr 
other. ., 

KE - A ti e. L- 

Melting Point 

Strong attractive forces hold molecules rig- 
idly in position. Each molecule occrrpies a 
dehite position in a perfectly ordered 
three-dimensional httice. 

= <  A 

FIG. 1. Kinetic Mw!eIs  of States of Matter. The size of the molecules 
relative to their containers is greutly exaggerated. KE represents the 
kinetic energy of individual molecules and A the attractive forces acting 
between molecules. 
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duce over-all rnechmical rigidiv. The t a m  
"vitreous staten is sometimes Gsed and has ex- 
actly the snnle meaning. h4ntter of many differ- 
cnt campositions may exist in this state." In 
other words, there is no one substance which is 
uniqnely glass. The word "glass" is a generic 
t-, a ~ l d  we should most properly speak of 
uglasses" rather than "glass," just as we speak 
of "metals," "tex-tiles," and "ceramics." 

The nature of the glassy state is dscribed1° 
in Figures 2, 3, 4 and 5. Figure 2 shows the 
molecular stntcture of a crystal of quartz (sili- 
con dioxidc; SiO?). U'ithin quartz, htruly ass- . - 

tnlline substance, the individual atoms are ar- 
ranged in a perfectly ordered fashion. Figure 
2 is a twodimensional, schematic representa- 
tion of what is really a three-dimensional lat- 
tice." The solid d& represent silicon atoms; 
the open circles are oxygen atoms. They are 
held together by chemical bonds which are .  
about one hundred times stronger than the 
attractive forces .discussed previously which 
hold onemolecule of witer to-another." I t  must 
be realized that these individual atoms are ex: 

9. The insistence of many authors on the inclusion 
OF the word "inorganic" in their ddnitions of glm 
seems hard to 'utify if one takes more than a 
parochid view 02 thc rvbjar~ It n-idently stems front 
a habitual association of " g l ~ s "  with the more com- 
mon man-made cornmerdnl glasses, but seems to be an 
unnecessarily reshicting viewpoint. h'ot d y  do many 
so-called "or anic" materids uist frequently in the 
g l ~ ~  state, $ut the very t w r  anion and "inor- 
gnnic reem more and more to 2. on a pcoUu 
vaguenen for which there can he no place in so impor- 
tant a step as d e h i n g  a fundamental state of mattes. 

10. This structural mdcl  af glasses known as the 
random network theory, and the two-dimensional 
method of representation were 6rst used by W. H. 
&&arisen, 'The  A t d c  hrrangernent in Glass," The 
lourmi of the Amm'can Chemfcui Socisty, Vol. 54, No. 
10, October 1832, p p  3841-3851; and by B. E. FVaxrrn 
nnd J. Biscoe. "Fourier Analysis of X-Ray Patterns of 
Sodn-Silica Glass," Journal of the American Cernntic 
Society, Vol. 21, 1838, pp. 2-59-265. 

11. In three dimendom mch silimn atom is Iocated 
nt the center of a tetrahedmn and is attached to four 
oxygen atoms which are Iocated at  the r m c n  of the 
tebnhedron. TXhe tetrahedm are arranged spnrekrical- 
Iy in SP;ILP so that each o .gen atom occupies a comcr 
or two dlserent allah&. Thc ge~rncVical angle 

tremely small, too small ever to be "seen" by 
any kind of microscope that can be ~isualizecl 
in the framework of our present knowbdge of 
science. If one were to attempt to dtaw a com- 
blerc grain of sand, magnifying each atom to 
the size clrawvn i n  these diagrams, s sheet of ' 

paper 100 miles long and 100 miles wide would 
be required. 
When a crystal of quartz is heated to high 

te~nperatures (approxi~nateIy 1500' C.) the 
chemical bonds holding tlie atoms together 
are broken. She atoms, or small groups of 
atoms, collnpsc into a molten state which hns 
the random, disordered stntcttue of a liquid. 
upon cooling, if sufficient time is alIowed, the 
inclivjdual atoms or goups of atoms find their 
way back into a crystal lattice. On the other 
hand, if the melt is cooled relatively quickly, 
the atoms do not quite get back into place, and 
the result is a glass of pure silica, as shown in 
Figure 3. Here the remnants of the quartz 
structure are still recognizable, but since the 
ordering is not perfect, one is forced to con- . 

'".:sider this state of silica as resembling a liquid 

fonncd by n silicon atom nnd any two oxygem at- 
bched to it is 109'. The angles formed by the oxygen 
atoms and the two sU1con.s they bridge are $1 exactly 

. alike and about 145'. Although each tetrahedron 
appears to have a composition of SiO,. the ma-all 

:composition of the crystal is SO2, since mch oxygen 
atom is shartd by two tetrahedra 

Because of the difficulties of drawing a two-dinten- 
s i o d  representation of thew sbucturcs, Figures 2, 3. 
4. snd 5 are somewhat de f -en t  in oxygen atoms as re- 
quimd by the rules of c h t m i d  valency. In Figure 6 the 
correct niunber of oxygen atorns is  included Actually 
all oxygen a t o m  should be attached to silicate chains 
and Lhose q g e n  atoms which are not should be visual- 
ized as protruding upward or downwnid from silicon 
atoms above or below the plane of the paper. 
12. For those readers who arc famOiar with c h m i -  

caI bonds the S i - 0  bond should not be considered to be - either a completely covalent bond in which the bonded 
atom share the valence JcctTons equally or a com- 

etely ihc bond in which Si"++ and 0" ions are 
dd togeth,er by electnxtntic a t h c t i o a  Actually the i? 

nahuc of the Si-0 bond lies samewhere between these 
~ w o  extremes, having perhaps 50 per eent ionic char- 
acter. The indixldual atoms really should be drawn 
with larger radii, so that they are in contact with one 
another, but this would obscure somewhat the struc- 
hnd m n p c m e n t .  
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more than it resembles a crystal. This, how- 
ever, is somewhat inconvenient, $nee the re- 
sul tant  glass is clearly different from "ordinary" 
liquicb in that it has a rigidity approaching 
that of qstals .  In addition, the nehvork does 
not. really resemble closely the stnlcturc of . 
conventional liquids, which consist of much 
smaller molemtlar unifs. Thus we can see again 
the need for the definition of a fourth state of 
matter called "the glassy state." 

Actually, it is more satifadtory to rclate 
glasses to the broader c o n q t  5f the 'poly- 
merized state," since this more general. term 
would allow glasses to be classified with other 
materials such as plastics, rubber, i n d  doi~gh. 
The 'polymerized state" refers in general to 
materials lvhich have disordered molecular 
structures consisting of long chain molecules 
more or less entangled with one another. The 
individual molecules may contain tens of thou: 
sands of atoms. In the w e  of materials like 
rubber or soft polyethylene, the individual 
chains are kery flexible, accounting for the I.. 
over-dl rubbery e1sticit-y of the materiaIs. The . 
glassy state may be regarded as a special case 
of the polymerized state in which the individu- 
al h i m  constituting the material have in 
themselves great rigidity. This rigidity usually 
rendts from a high degree' of cross-finking be- ,. 

meen the chains which joins them together' to 
form a complex network, or it may result from 
attrective forces hoIding together adjacent seg- 
ments of neighboring chains. In general, all 
polymerized matkids, such as rubber, if 
cooled ddently, & undergo a transition 
into a glassy phase below temperatures where 
the individual molecular chains lose their -flex- 
ibility." The  orm mat ion is marked by a 
cbange from a viscws rubbery d t e  into a 
brittle state. The situation is analogous to the 
M n g  of ordinary liquids in that the rnolecu- 
lar vibrations which keep the &ins wriggling 
and flexible pdual ly  nsccumb, as the temper- 
ature is lowered, to wh~tever attractive forces 
exist. Many plastic materids such as poIymeth- 

- - 
aqlate resins are in a glassy state nt room 
temperature. 

Figure 4 shouvs a two-dimensional reprcscn- 
tation of a crystal lattice of sodium disilicate.'J 
' In this cqstal, the cross-hatched circles reprc- 
sent sodi11n1 ions1.' which arc interspersed ilr n 
regular fashion between the silicate &in<. ~f 
this crystal is melted, it also collapses into the 
random structure of a liquid, and if  coolecl 
sla\vIy c m  be restored to its origiual cr)at;lIlinc 
structure. ~ e l a t i v d ~  fast cuoling, Ila\s*ever, will 
tmp the a t o m  in n glassy structure such as that 
shown in Figure 5 before they are able to nr- 
range themselves in a perfect cryst;rIline pat- 
tern.'= 
The description of glass given above says 

nothing about chemical mposit ion because, 
as was mentioned before, the number of pos- 
sible compositions, af glasses is indefinitely 
Luge. Chemical composition does, of course, 
greatly affect t he  physical and diemitnl prop- 
erties of glasses. In  Table I are shown compo- 
sitions of several familiar glasses. The first is n . 
modcrn soda-lime glass, which contains about 
74 per cent silica (SiOz), 16 per cent sbcln 
(NazO), and 5 per cent lime (CaO). The use 
of soda (or potash) permits the fusion of the 
'silica at temperatures considerably below its 

13. The structure is Mghly schematic and i s  not at 
nll intended to be on urrrtate reprcsmbttion of the 
Uy5b.I s h l r b r e .  - 14. Sodium low are scdiw atoms bcaring a positive 
dshical m e .  They nrc aligned ad ncent to oxygen 

tL b w k g  ncgntivc charges nnd trr prtscrve the 
wer-stl elatrid n d t y  of the eryst;ll. 
IS. An dtrmative physical model for g h a  prc- 

fcmd by some scicrrtists is t h t  glusu cansfst of ag- 
p g n t e s  of & r d y  minute ~ - s f d h c  r q i m ,  or 
microcrystalliter, which hzve perfectly ordcred Iat- 
ti- bur which prc t h d v e s  m i d d y  m g c d  a d  
connxtd by or imbedded in a &ordered mntrir This 
pictutc Pnd ,the supporting evidence is present4 in 3 
piper by E. A. PA-Kashits and N. S. Andreyn., 
Lnw-hnglc X-Iiay Scattering by Sodium Borasili~Mu 

C h t s . "  JournnI of Thc S&&J of Clorr TeEfinolog. 
VoL XLIIL 1859. pp. 235T-261T. and in ~~~~~r more 
rccmt t~bliutio..r; which are not tts readily a\-ahblc 
to EngLh spaking readers. Thc rclincd cr 

P h v e  not yct been porsib e. 
I;'."'"" which might tell which i- is more near y romcct 
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FIG. 2. Qimrtz Crystal. FIG. 3. Fused Silica C k .  

-- - - - 

FIG. 4. Sodiual Dirilicute Crystal. FIG. 5. Soda-Silica G l w .  
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TULE I. G h  Cmnpositions. 
(In Weight Percentages) 

Silica 
Soda 

. Potash 
Lime 
Magnesia 
Alumina 
Iron Oxide 
Antimony Oxide 
Manganese Dioxide 
Boric Oxide 
Lead Oxide 

SiO, 
Na10 
620 
CaO 

M60 
A1203 
Fe203 
Sb,O.; 
hlnO2 
B,O3 
PbO 

A i o h  Typical* Typical Baking Opt id 
Soda-Lime-Sh Roman or ih?3ortttG7Tj ff i ~ h  h o d  967; i'ifico 

Physical Prverties 

Density in grn./cc. 2.47 2.541 2.23 436 2.16 
Coefficient of 

expansion (0"-300" C.) x 10T/" C. 92.0 103.4: 32.5 91.0 8.0 

*lkpmmcntal melt based on average eomposi~on of man). Roman glasses. This corn asition very closdy approxi- 
mato thiit of the inlrid plate h r n  Athens described in th is  JovrnPl on pp. 37 *mug{ 47. 

ordinary meltipg point: The addition of lin-ie This diagram ako points out the action of 
produces a glass which is less prone to attack coloring agents. The presence of 2 0  per cent 
by water. (Soda-silica glasses are quite soIutrle by weight OF copper oside in 2 glass is'sufficient 
in water. Solutions of this material constitute - to confer a strong blue color. As shown in the 
the f d a r  substance 'water glass.")m corn- diagram this concentration is represented by 
parison, the chemical composition of a typical only two copper atoms out of the 370 atoms 
Roman glass is also given. It is apparent that in the portion of the glass represented As few 
the three principal ingredients in &is soda- as one cobalt atom per 3700 atoms of a glassy 
lime-silica glass are comparable to those in - matrix will color the glass an even deeper blue. 
modem glasses. However, the ancient glasses Thk correspon& to a weight concentration of 
genedly contain fairly large quantities of im- only 0.1 per cent 
purities wEch were introduced from impure One of the important distinctions between 
raw m a t e d  and low quality refractories. Fig- - glasses and crystals i t  that q d s  have vc :. 
w e  6 is an attempt to show the exceedingly sharp melting points. A cry&ne material It*- 
cqmplicated molecular structure of a glass witb mains completely rigid up to a precisely de- 
this composition. It shodd be borne in mind h e d  temperature, at which point it goes over 
that the actual structure of the glass network abruptly into the liquid state. The rcasoll for the 
extends in three dirnensions.'U sharpness of the melting point is that all of the 

\ chemical bonds uithin the crystal are identical 
16. In three dimmior: the glassy state of silica may and therefore they aII break at the same tcm- 
piChYFd rrsunb'y of SiOa teh*edra pernure. In the m e  of a g l ~ r ,  however, \vherc are arranged in an irregular or random fashion without . 

the perfect symmetry of the quark crystal. the chemical bonds have been distorted to 
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FIG. 6. Typical Roman C h s .  

0 0?.gen @) Antimony 

S i l i m  Magnesium @ Manganese 

@ sodium Cp A l ~ u r n  @ Copper 

@ Cdcium @ Imn 
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varying degrees from their natural and stable 
geometrical configurations" the different 
chemical bonds \vill break at different temper- 
atures. In effect, eacb chemical bond has its 
own melting point since each will have its o\vn 
degree of straia. (The greater the strain the 
weaker the bond.) Therefore, glasses, instead * 

of having sharp melting points, soften gradu- 
ally as the temperature is raised (ns the weaker 
bonds break), until at high fanperatures they 
finally become quite fiuid. It is this grad& soft- 
ening over a range of several hundred degrees 
centigrade uihich makes it convenient to de- 
scribe glasses in terms of viscosities. 

The Viscosity of Liqtrids and Glmses 

The term 'Mscosity" is usually applied to 
Liquids, and means, in a qualitative sense, the 
resistance that a liquid offers to flow. A liquid 
uith a high viscosity %such as molasses, %ow 
at a very slow rate, whereas water, with a con- 
siderably lower viscosity, will flow much more 
readiIy. Viscosities are expressed in a unit 
&led &e poise.ls The viscosity of water at 
room temperature is .010 poise; that of SAE 
30 motor oil is about 1.0 poise. The viscosit). of 
most glassedat room temperature is about 10'"- 
1P poises,'%\*hich is about as high a viscosity 
as can be measured. As the temperature of a 
piece of glass is raised, the inflexible molecular 
network breaks down into somewhat d l e r  
units, and the viscosity gradually drops to the 
order 'of lo7 poises, in which region the glass 
may become deformed under its own weight 
At still higher temperatures the viscosity drops 
to 1031 poises, under which conditions the 
gIass will Bow quite readily into a mold, or can 

17. See footnote I1 an the structure of quark, and 
compare Figures 2 and 3. 
18. Named after J. L. M. PoiseuiIle, the 19th cen- 

tury scientist who worked out much of our present 
knowledge concernins l i~uids.  

19. The shorthand notation l O l o  (10 to the 20th 
power) rncans 1 followed by 20 w o s .  In the same no- 
tation, 103 = 1.000 and 10G = 1,000,000. 

be blown nith ease. When heated to very high 
temperatures, the viscosity of glasses may. be 
so low that they become as fiuid as thin motor 
oil. 
, Figure 'i shows the dep.endence of viscosity 
on temperature for the glasses in Table I. For 
comparison, :he viscosities of sevtraI familiar 
substances at room temperaiure are marked on 
the scale.?O It should be noted especially that 
an increase of one unit in the exponent of 10 
on the. vertical scale camesponds to a ten-fold 
increase in the viscosity of the glass. 

A number of particular points on the viscosi- 
ty-temperature m r e  have been defined by 
glass scientists for their own convenience in 
comparing glasses of di£Ferent compositions. 
For example, the softening point of a glass is 
that temperature at which the \iscosity is lo7-= 
poises. 

At some point bekeen the two extreme vis- 
cosities mentioned, glasses may be c~nsidered 
to change from the "glassy state" as described 
above, to  2 true liquid state, wbere the molecu- 

'.=. lar units are small and the glass flows readily. ' 

There is no clear-cut point of iransition, how- 
ever, and any attempt to define one would be 
arbitrary at best. This apparently is why so 
many scientis ts prefer to  consider glasses, even 

, at room temperature, to  be e~bernely Y~XXIUS 
liquids, and to describe them as "under-cooled 
liquids." 

Theoretically it should be possible to con- 
vert any liquid into a glass if it could be cooled 
rapidly enough to a d c i e n t I y  low tempera- 
ture. In realit)., however, it is only those liquids 
which are quite viscous at their freezing points 
that go easily into the glassy state. As with so 
many other scientific phenomena this can be 
explained qualitatively in terms of the physi- 
cd pictures of the moIecules involved Those 

20. Two of Lhc \dues on this tabIe wtre taken from 
G. E. hlves anti E. W. Brugmana. '.Estimate Vkcmi- 
ties by Compziison with Known SIrteriaL." Chcmicd 
Engineering, f'ol. 68, No. 19, September 16, 1961, p. 
182. 
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liquids which have high viscosities such as 
melted silica, unraIly consist of rather large 
molecules. These large molecl~les tend to be- 
come very much entangled with one another 
and thus call flow only with difficult).. It is 
reasonable to exqxct that such liquids should 
form glasses readily since it is difiicult for - 
large, cumbersome molecules to arrange them- 
selves into a crystal lattice. At ordinary rates of 
cooling they are l&dy to be "frozen" into a rig- 
id (or very viscous) glassy condition before crys- 
tallization can occur. In the case of melted miy- 

tuxes of soda, lime and silica the organization 
of the dserent knds  of molecules into one or 
more crystal lattices simultaneously is quite 
clearly a very complicated process. 

Liquids hnving smaller and simpler molecu- 
lar structures, such as water, have correspond- 
ingly lower viscosities and even at very rapid 
rates of cooling catr still mvlage to become 
organized into pedect crystal lattices before, 
becoming conlpletely rigid. Such liquids, 
therefore, do not orcli~~arily exist in the glassy 
state. With very rapid rates of cooling and '..; 
carefully controlled conditions, however, some . 
farnilis liquids of low viscosity, such as ethyl 
alcoho121 a n  be converted into 2 glassy state, 
and the deposition of water vapor onto very 
cold meaces (-TOOo C.) can produce a g 1 ~  

' 

state of water.== 
In summary it may be said that to the scien- 

- 
31. EX. J. de Xordwall and L. A. K. Staveley, 'The 

Cr)-stalhtion of Vitreous Water and Wenw Vi"Jter," 
T r o n s a ~ o n r  of The r7ornday Society, Vo1. -52. 1956, 
pp. 1061-1066; and T h e  Forl~~ation and CrystalIiza- 
tian of Simple Organic and Inorganic Glasses," hid., 
pp. L207-1313. 

E?. J. A. Pyde and G. 0. Tones. 'Properties of 
Vf~cow Water," Nature. Vol. 110, October 5, 1952. 
pp. 685-688. 

tist the word 'glass" has a special meaning and 
that ivery definite ph)odcal picture is assot<ated 
with the glassy state. This state is characterized 
by a disordered molecular structure similar to 
that of liquids and a mechanical rigidity mr- 
'responding 'to that of crystalIine materials. 

Because of this physical structure, the me- 
chanicaI properties of glasses. particulnrl); the 
-rigidity," change over a wide range depending 
upon trmperattrre. It is convenient to  desuihe 
this behavior in tenns of viscosity. 

The ,.iscosit)*-temperature relationship saries 

far glasses of diffvent chemical cornpositimu. 
-4 study of these relationships may be useful for 
learning more about the technological proc- 
esses used. by glassmakers in the past. One ex- 
ample of an application of this type of rertson- 
in: appears elsewhere in this Journal in an 
article on an inlaid plate from the Agora. 

Another related topic of concern to the gless 
scholar and archaeologist is the meaning of 
such terms as frit, paste, faience, enamel, ghze, 
e tc  Althougll some efforts have been made to 
deiine thmc terms, it is apparent that a con- . 
siderable amount of cnnfusiou still exists as to 
the meanings of at least some of these words 
and the distinctions (where they exist) behveen 
the materials being described. ihcrc are prob- 
'ably u many difierent sets oi definitions xi 
there are people csing the terms and one is 
never quite certain 2s to just what. meaning 
at~thors have in mind. 
- Equipped with an understanding of the na- 
ture of glasses. and crystalline substances, it 
sl~ould be possible for us to classify intermcdi- 
ate materials into a few (hopefully) distinct 
categories by emplo j n g  straightfornard stnic- 
t~ual descriptions of the materials most often 
encountered. 

Reproduced with permission The Coming Museum of Glass 
Journal of Glass, Vol. IV 1962. 





His Geneva Wmdow 

History 
!n 1926. the governmenr of the Irish Free State approached 

one ufrhar country's foremosc artists. H q  Clarke. to com- 
. mission n stained glnss window ibr the ofices of the Inter- 

national Labour Conference of the Leique or" Narions in 
Ckneia. Clarke was 56 years old at h e  dme -and aL the height 
of his career. He 1% kno\m internationally for his intense. 
cirniled and imaginauve soined ylas.3 aesiqns. as well as for 
his oiten macabre 'and bizarre book illusmtions. His work. 
S~moolisc in namre. shorved n Teat  ori$n$iy in cornposi- 
tion and a masterhi itse or' color. 

Tile G ~ m a  Window (Figure 1 )  1~as to he an otxciai qift 
From Ireiand to the Lrque .  Clarke uaveied to Geneva to 
r m i n e  the site and suggested a suinble locarion in a suir- 
weil. The government left the choice of subject rnacter to 
Clarke. ~ ~ h o  decided upon modern Irish literature. anri 
~ r i h  h e  help of friends Lennox Robinson. \ i ~ l I i m  autler 
Yezrs and others. he seiectra IS ~irirers and works to iilus- 
Irate: The LVn?yam bv Patrick Pearse. Tile ,907 i3mnqnt + 

- Brigid bl; L d y  Gregory. Saint Joan bv George Bemare Shaw. 
P!a:;uqu o j  IJze iVestm Nbrld bv john SfiIlingon Sl;n%e. TItc 
0,her.r by Seumas O'Sulli\an. Tile Dcrni-gois bbv James 
Stephens Juno. l7le Pqvcocic bv Sean O'Csse??. TIruDmmers bv 
Lennos Robinson. TIw Ct~unress Cdrkn bv IiilIiam auder 
l'ra~s. .\lr. GilJLook by Liam O'Flaherq-. Dtinire bv (;come 
Rulsseil f known as X I .  -4 I.'mcile 4 n q  by Padnic G)lurn. The 
-1la.m I;iusses by George Eernaurice. Tile IVravrt:~ (~r-mrr i , ~  
5eumas O'KeiI?. and On r \ l ~ i c  bvJames jovce. 

'i'nrk did not hegin 011 the colnmission unul the end ot' 
1927. then progressed ce? slowly. due to Clarke's nurnctr- 
OILS ncher cornrniunents h r  ~rinciotcx ;inti bonk illustnuot~s. 
; ~ j  :%-eil as to the administradon of th,e t:anilv staineri ~iass 
>niuio and decomin!: tim. Even worse. Ciske wus batrlinlr 
:I oroeressivei)' decerior~unq c-me I)( tuberculosis. In hiarch. 
!21".' his doctors insisted that he mt'ei to ;l sanaronunl in 
Swczeriana for cnn~dcscencc. retuminq m Dttblin over :i 
V r t a r  iater. in May of 1Y:lO. to r.ornplrre ~vllrk on Tiirr [;rnn,rc 

( ! :nr io~u.  It  ivas readv I'r)r- vicwir~q I,v Srptenlbrr ~ \ - i ~ r ~ ~  

Pr{-irirnt [:us:~otr of Ircl:~rici ;ulri lrrner nrliciais ~ . ; i n ~ c  ! r l  

- -~z:n~tie  if. 

Irnrnediateiv. President Cosyrove had misqivings. He 
\%-rote Clarke. saying that -For seven1 rexons I consider that 
i[ ~vouid nor be desirable to include h e  panei which contains 
a represenration from h e  books of Mr. barn O'Flahev.' 
His objection to  he panel of semi-nude Nellv dancing 
heiore hlr. Gilhoolev (Figure mav have been boch co h e  
imqen* and to the hcr d7ar some of 0 ' F l a h e ~ ' s  work \k;ls 

banned ac hfiac h e  by the Censorship Board. His objrcdons 
grew and he soon wrote Clarke t h a ~  -the inclusion of scenes 
horn ceruin aurhors as represenndve of Irish liremmre and 
cu iwe  would $ye gave offence to manv of our peopie.' 

Hc was hardlv alone in ha t  opinion. tbr as an inteniew 
\\I& hlr. RC. Ferguson. the Secretary of the Deparunen~ of 
I n d w ~  ma Commerce at the rime and one ofthe first offi- 
cials to tiea h e  window. reveals. it  as felt by manv govern- 
ment oficids bar "Yakedness ~m somehinq thev we're 
prepared ro accepr as m artisric requirernen~ bur never 
nakedness which so suggested sex.. . . i\?ha~ h m  if his win- 
ciorv couid be smuggled out to Gneta-hu~ there would be 
no avoiding the opposition of politicians. cilurchmen and 
the newspapers. -4 nation hmed as a Carfiolic snonghoid 
x~.as to be represented as a bizarre almost riciousiv evil p e p  
ple sceepcd in sex and drunkenness ma. yes. sin.' (Rhvums 
3. +. 3 Politidy. there ~vas no possibiIin. h a t  h e  govern- 
ment ~couid send h e  window to G w e n .  

Ham Clarke. still in h g i i e  heaich ma nor disposed to 
compromise 011 the window. returneci to Switzerland in 
October. immediateiv after the viewinqr, and died'there 
rhrer months hcer. Offichliv. the government never said 
nuuizht that it ~ v a s  a~andoning  h e  project: indeed. they 
paici the a ~ r e e d  sum. in full. Hotvever. panels were cal- 
lrcted. cernpomniv went on displav. and were then puc in 
srorqr. Clarke's widow. l l a q a r e ~  wvas teen. unhappy \ b i b  

;iir commission's outcome and cried in vain t i h e r  to qec 
the covernmenr to send the window to Getleva. which s l ~ r  
kurw ~vould prnixafilv never happen. or to sell it back to her. 
111 193:;. di'rcr the installation o fa  new qovernmenc. she wtls 

.dlutcrri to bitv the e~lsernblr back fur the urnounc orignailv 
p i d .  m ~ e  windo\v remained in chr hrnilv unril 1988 and. 
:i,r uarr: ot. h r  tiInc."ir w\:ls on rxrended 1~x1 [o the Huch 
!.;lrlr .\[unicipnl i:.~llen. in Ditblir~. 

~ l t I l 3 7 U ~ L  IJII IJ I l fP  !" 





b m ; p r ~  /:'l'l~i: i ; c ~ ~ ~ v ~  wi~~clotv. H;;? (3tdw. 1930. 7'5''~ 41'". 
[ir./i)p ;t:$!urrrliun. Tlrr rr.slrrrr11 ruirrrlotu will br ,r:umrvil.,l rlun'ng lhr 
\\i~lfi~~rrian b .innripr~d rrx/ril/ilion i r i f n r r u u ~  I 9 93. 
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In 1988, dle family sold the window to collecror Mitchell 
\Volfson Jr. I t  is to be on permanent exhibition in the 
h.[iami. Florida headquarters of the Wolfsonian 
Fo~lndation, (Figure 6). xi soon 3s consrruction for the new 
mLc;eum facility is completed in 1995. It will be part of the 
Fo~lndation's inaugural show. 'The Arrs of Rehnn  and 
Persuasion. 1865-1945.' 

i\?hile much of the sllow will mveI tb sites around the 
Vni~ed Stares. Europe and Japan. TILE Grnwa Window wiil 
remain in Miami Beach. The Foundation is dedicated to 
'fiirdlering scholmhip. consenmion. presenation, educa- 
tion and appreciation of the art and histon. of the period 
lS75-1943.'.& its name suggests. this ir~lporrant and fzci- 
nating collection concenu;lres on the decorative and propz- 
p d a  arts; that is. an that tms nor rnadr solely for am '  sake. 

.& with rhe rest of the histo? of his window. its sale was 
also controversial. Bv allowing this porverft~l and historic 
piece ro be purchzed and senr oversex. lost to Ireland for- 
ever. Brian Fallon remarked in Thr Irirh Timrs that. -lire 
have. quire simply. disgraced ourselves g i n . -  
Technique 

.Although Chke  \\.as nor the first to emplo!* d ~ e  rechniques 
used in Tfu Gmma Cfintloru. he was a recognized master of 
them. The entire ensemble is double-plated. with the two 
pieces of glw held in a single lead. one directly behind the 
other. Phdng is ofien used to obwin a Fearer richness and 
deph of color, or 10 cone a color. In Clarke's hmds. i tvm u w c l  
to obbnin a much greater mien. nnd ir~tenni-ntre of color. 

Xlost OF the glass in the ensemble is Flashed. M%en the 
glass is still a molten gnrher. a rhin l q e r  of one color is 
placed over and amched to a thicker I ~ e r  of anotfier color. 
This gather is then blown into a cylinder and suhsequentty 
flattened into a sheet of glass. Siosc ;~nrique red giass is 
flashed. . b y  color however. can be flnshrd and a whole 
range of combinations can be achieved-red over clear. 
red over blue. blue over yellow. and so fonh. 

By the Fifteenth century, ir ~vru redizrd rhac a cdt5m;ln 
collld remove the layer offlash by abrasion wid1 3 shnrp cool 
to reveal d ~ e  base g& below-lr very labor i~lrrnsive process. 
enabling the arrisr ro have two colors on one piece of glass 
without a necessap* lead line. In the ninrtrrnrh ccnrury. 
hvdrotluoric acid ~ v i t s  used ro remove the laver of flash. ~nak- 
ing it possible to clirninarr all 01- orllv ;I part of the i lxhrd 
laver. depending on the nmnunr of unlr the gllw wlls rsposrci 
to the acid. a well 3s :~liowinc for- much more subtlr and 
Lxried tones of color r han Icere nr>ssil>le wit11 r~hr.uirln. 



I\-ith T11r G~;rrzn~rr Tl?ltrJout. any area that was not ro be 
rottclled hy the acid t\.as prorecred ~ t i r i l  a \\-ax resist. ~11ilt 
areas to be acided were lefr uncovered. The gIass \\-as eirher 
dipped into che uas ~r-irh some \\.as then being removed. or 
hot 1i.a.r \\-as applied very precisel!. itith a pen. The glass 1\15 
then piaced in a hydrofluoric bath unul h e  propel- amounL 
offlash \\as removed. Clarke would do this as many as sis 
separate times. adding or removing \\ax resisr a10119 the 
t \x~. in order to obtain many i~~u ica re  details and \-? . 110~1s ' 

shades of color do1t.n to rhe base. on the one piece of glass. 
In rhe scene from >ulllu and he Paycock' (Pipr1.v 71 ~ v c  

see the n\*o layers ofglass plating side by side. In fig-rrrt~ 8- thy 
ovo layers are sracked as they~vould be in the leads. Both rhc 
front and 'hack la!*trs have been acided and rhe v a ~ i ~ ~ g  
depths uf color can he cIearly seen. Tile deepest shnclt: of 
color 1 ~ x 5  cornpierely pmrectcci duriny the ncicling proce- 
dure: the c1e;lr areas indicarr ~vllere h e  fiasl~ecl In\.er has 
been coinplc~ely removed. revealing tire coloi- oF the bzsr 
gies5. Aciding ~ t i r h  hydrufuot-ic acid is a ven. h z ~ r d o u s  prrr 
ced!il.r necessirati~lg a grear dcal oFrartl ant1 skill. especiall!. 
f i~ r  aciding as detailed ;IS this fi;ipr17s 5'. Ill .  11 I .  

.Ulrr Lhe ',Pl;lli\ \\.a< ;~ricIccl. it \\'as p;~iti!ecI using sii\.rra sclin 

1 ant1 ~-i~er)uh  pain^, 'Yi~r sil\.cr st:lill c r ~ ~ i s i s t s  ol';~ si1vr.1 sa11 
ilp!)litcl 10 u~r YI;L?~, L ~ I Y J I  ilrin: i n  kiln. i~ k1n11s ;L coltoirkli 



Fit: 

dispersion uichin the glass. acrually sraining the glass From a 
pale yello~r to a rich nut color. depending on rhe amounc of 
silver stain applied. the abiIiy of the base glass to accept the 
smin and d ~ e  retnperature of the kiln. 

For Clarke. the silver suin meant he couId add npprosb 
matel! three shades of yellow to clear areas. plm the mis- 
ture of d ~ e  !ell~t\~ r \ i h  ~i-harever his base color rms. a~ai11 
increasing his palette. This ingenious use of tecl~niques 
yielded him a ve? rich mismre of colors. 

\?treous paint is a mixture'of a soft. ground qlnss t l t~x and 
rnenllic osides. .After its application. the qlms is fired in a. 
kiln at approximately lZOOO F. at which point the sntk ql;ts 
flus fuses to the heat-softened bue plass. and holds the 
tncrallic osidcs in place on r l~e  base p1.m. n i e  titreous paint 
was tised to add the clccails and to I-tstlate tlie amount c ~ r '  
light cominq rhrouqh the glass. Clarke r~nploved borh a 
pen ntld a bn~sli to apply the trace lines. He aisi, ~~rec l  over- 
r ~ l I  matrrs. fl-equrndy suppIed wit11 a stiff ~ I I I S ~  and t\-r~skcd 
with 3 needle. Clarke \\.orked ~ v i t l ~  the \itrenus paint mudl 
as he did with pen 11nd ink For his i!lusrrr~tions. His pilil~tin~' 
is vcr-\* clrtniled. iu~d by ~lsing the pen. he i\;u al>lc to cc*r 
clisprl- lines without needins to cur back nnrl srr.r~izhcen. a?; 
I I C  \\.t~~llcI.l~a\.r 111 c l t )  harl llc tuecl a I~nah .  



I k./i lop] Fiprlrr 7: 'Juno and IIw Pa~rocl:, ' Scan O 'ha.  
Tlrr. [urn Iqrrrs of pinling, sidr & si&. 

Tile most immediate conservation coricem was h e  repair 
of any new breaks in the glass. W~rh stained glass consen-a- 
tion. there is usually the additional concern of what to d r ~  
with any previous repairs. The rndiuonal mehod of repair 
has been eiclier to cover a break with a lead flan, =e or. morr 
Frequendy. to insert an 'H' shaped lead n r n e  beaveen h e  
pieces of broken glass. This often entiiled groting, o r  
remd\inp some of the original glass lo accommodate rhr 
thickness of the heart of the lead. Fomnately. none of the 
breaks in Tilr Gmmita WYndm~ had been grozed. Some cracks 
were new and had not been addressed. three cracks liad 
been glued with what appeared to be a consenation quali?- 
eposv. and nvo cracks had been covered at some poinr. 
afrer hbrication, with a lead flange. 

There were also a number of ori~$r~l cover flanges on 
rhe panels. I t  rr;lS possible to distinguish original cover leads 
from later ones by their appearance. The originals \ e r r  
done in the same gauge lead as h e  rest of the panel. and 
their joints were soldered in +e same manner as those on 
the rest of the lead nenvork. 

Glass which has been deeply acid etched and is then 
painted and fired at a high tempenrure in a kiln has nurner- 
ous suesses in it wl~ich are sometimes resolved by che glass 
breaking. eidzer in the kiln or at some later time. I r  was appar- 
ent that a number of pieces broke before d ~ e  ensemble \%as 
finished. and rather than redo the many Steps of produc- 
tion in areas where che breaks were not considered i n n -  
sive. Clarke decided to simply cover rhe breaks with flanges. 
At orher umes Clarke would redo pieces which had broken 
in the kiln. 

.All of the original flanges were left in place. The non-orig- 
inal flanges. however. were removed. because dley had not 
been seen and accepted by Clarke and his assistants fFi,pn~ 
1 3 ,  Because of tile internal stresses from tile etching and 
firii~e. these pieces had sprung, meaning that they no  
longer lined up perfectly ar the crack. leaving p p s  bemeen 
rhe nt.0 pieces tvhich now had to be filled. This usual!? does 
nor happen when the glass has been either painted or 
etched. bur the combination of etching and then firin: 
increases thr suesses iultl causes the condition ro occur. 

Bzcause rhe pieces \\.ere erched. the color fluctuatecl 
vreatlv across the l e~ lg t l~  nt' the crack and the rinreci f i l l  ' 
C 

material had t c ~  al%o.iiitnp from color r r j  coior. as necessay. 
In this case. the material I~arl t o  fill. t ~ s  ~ ~ ~ e I I  as liold. tllr z l r ~ ! ~  
lorethe;. H1T.L .  ;I co~rscmatiu~~ rlualin t.pos\. !$as itsrcl 
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FiLpm 14: 'On filusic, ' jnrnr.1. jqce. AJer inilial ~Luin,:. 

Figure 15: 'On Music. ' bjams Jqcc. AJer inJU and mqiminting. 

cuntinuedfiat page 22 
for the fills and for an?' new breaks. It was chosen ~ecause  it 
is water-white. has an acceptable match of rhe refractive 
indes of rhe stained glass and has held up well in ~-arious 
a,hg smdies of adhesives. The e p o y  was then overpainted 
(Fipw 13, with cold. o r  unfired paint. to match the ori,@nal 
~irreous paint 

There %as one hole in Panel 88, near the head of the 
minstrel (Figure 1 4 ) .  which had been filled inwirh an 
opaque brown material. This has no\rf been replaced itith a 
new fill consisting of a thin laver of purple. backed by a 
thicker layer of lightlv tinted IFKT-L. to match the flashed 
purple and tinted glass. The flashed fill was then over- 
painted to match the original paint (I"iI"ipre 151. 

Cleaning 1% one of the most impomnt steps in ~e con- 
serration treaunent. Clarke's painting technique involved 
much intricate detailing. Fj'orkinp ~ri th a needle. he removed 
pin pricks of paint throuzh ivhich li,oht !t.ould sparkle hy 
halation. Over time. as these filled-in with 3 film of airr and. 
in some places. with an original over-application of put!,. 
rhe n.indo\r.'s glittering appearance !%*as , ~ e a d y  rerarded. 

)\%en the glass was removed from irs leads for ~ l u i n ~ .  ii 
became apparent that both the glass and the lead \\.err 
quite strong and that opening up all of the leads rrom the 
back for cleaning i\.ould he possible i\irho~lt rndanqerin? 
the glass or darnagns the ler~ds. Large drips oi orinn;~l s1.11- 
ael- were fbund resdnl;. a<,rairlst 111r glass ~~ncier  rhc ie3d.x 
these contrihurect tn scrnlr r~l'rlir h~-r:lks in the r ids-  n! hc~lci- 

ing it back in one comer u.hile h e  rest of the glass could 
move slightly. These solder drips were removed. 

There was quite a lot of dirt adhering to the glass paint on 
the front surface and trapped benveen the o\-o layers of 
glass. Mhen the windotrr was first consuucted a linseed oil 
putty HZ used to seal the leads. Over time. h e  put? broke 
down. allowing dirt and soot to filter in between the layers. 
.S. fine film of dirt serded on the nvo interior glass surfaces. 
and cut doim on the amount of light passing through the 
glass. Because stained glass is rotally reliant on transmitted 
l i~h r .  any diminishment of this light will lessen h e  work of 
art. .As the putty continued to dry our. particles of the putty 
fell and were trapped between rhe layers of glass. 

.a1 h e  glass was removed from irs leads and cieaned. In 
this case, because the paint ~ s a s  in esceIlent condidon. the 
~ i a s s  was tmshed using 'Onus.' a synthetic detergenr 01 
sodium Lau+ Sulfate. then rhoroughl!. rinsed tvid~ distilled 
irater. Some additional cleanins was done using: scalpels 
and hberqlass brushes. Once back in the leads. the glass 
panes were a p i n  rese~led. -41 pucn. oils were cornplerely 
cleaned off the glass. 

\ \hen  the glass was cleaned. small amounts of  as from 
rhe original erching process were i'ounci. as well as one 
instance in Panel =1 in which rhe medium from the sil\*er 
s r~ in  application had never heen remo~.ed il.'igl~.r. 161. Since 
it jb a \-err. sirnpie marcer la ~\;lsn off chis medium. i t  was setxi 
211 indication. sup'porreci 'nv :iccolrnLq of tne panel's fabri- 
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F i g r ~ ~  16: 'The Il.n?fam, , ' b ~  Patrid Peane. 
The  silver slain medium l$ on [he glass. 

cation. of h e  final rush to complete rhe ensemble. .inal>zed 
in this light. h e  remaining medium \\as of historical interest 
and left in place on h e  glass. 

The signature is parrially covered bv the leads. I t  re2ds: 
"Harry Qarke. Dublin 1930." 
Conclusion 

The sophisricauon and incricac~ of Xam Clarke's stained 
giass art demand che utmost fro& the consenator. In order 
LO do  simple justice to the panel. h e  consenxror must be 
conversan t in a \vide \ a r i e ~  of hbricadon and consen-auon 
techniques. yet must be able to meer the challenges pre- 
sented tvith a minimum of ego. In the end. the spirit of che 
orignal work of art must be presened and conveyed to a 
wnoie new generadon of a n  lovers and scholars. 

The Geneua lT7ndow was the last commission Harry Clarke 
saw completed. and ir is ceruinlv one of his masrerpieces. 
The Irish government m d  potverful reiieious !elders had 
Sanned some of [he auhors  and ~rorks  represenred. most of 
~\,norn were well respected internadonall\: The authorities 
<yen rejected che lisual interpreracion of thar \\.ark. a second 
act of censorship. Clarke certainlv coula have espected this. 
vet ne nevenheiess proceeded LO cnailenge Ireiand'j clificial 
?arochialism. The Gc'nmn 1l.fndorc is rhe work of 3 lnarure 
~ m s t .  accomplished in his technique and stire o th i s  iision. 
!r: pushinq the limits or' his crafr. as ~s.ell as h e  limits of his 
~ocien-'s cultural mores. he left iis an in~-itlu;lbIcf Ir:ncv and 
tszmpie in his \\indolt. tbr the Leam~e of Sarions. R 
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THE SIGNIFICANCE OF TJiE REFRACTIVE INDEX OF ADHESIVES FOR 
GLASS E P A I R  

Norman H. Tennent and Joyce H. Townsend 

I INTRODUCTION 
The dual aim of the restomtion of glass objects is to achieve 
n secure and aesthetically pleasing rcpair. In the past, i t  
was often necessary to sacrifice appearance to the safety of 
the object by using metals. for example. to secure broken 
fragments [I], but now many synthetic resins are available 
which can bond brohn  iragments unobtrusively and 
replace missing parts 12-51. A refinement of this approach 
is to attempt to achieve an 'invisible' repair by tailoring the 
optical properties of the adhesive to march those of the 
glass to be repaired. 

The main factor which determines the appearance of a 
crack or gap in glnss is the refractive index (RI) of the glass 
relative to [he RI of the material filling the gap. Breaks or 
cracks in glass appear less obvious when joined by an 
adhesive than when held togerher with air in the gap. This 
is becausethe. Rf. of-air-is-a -worse. match-for- g~ass:s-han-the 
RI of adhesives. The more closely the RI of the adhesive 
matches rhe RI of the glass in question, the more the repair 
looks like unbroken glass. Adhesives have been described 
which artempt to match the RI of the glass [6.7] bur these 
reports are restricted to glasses of a specific RI: a major 
practical problem for glass conservators is the wide nnge  of 
RI likely to be encountered with historic glasses. The 
meaning of RI and i ts consequences for glass repair will be 
discussed in. h e  following sections: a more theoretical 
treatment and some numerical results for different types of 
elass are presented in the Appendix. The significance of 
;he Rf of varnishes for pnintings has been reported by 
Feller [S] and De Witte [9]. 

Once this invesrigarion had begun it became clear that 
very few measurements of the RI For historic glasses had 
been reported. and then invariably as incidental 
measurements. Information on the RI of synrheuc resins. 
from manufacturers or in the consemtion literature. wns 
also found to be scanty. The nngc of RI spanned by _pIassrs 
and adhesives was t h e ~ f o r e  unclear and the possibility of 
tailoring the RI of adhesives to match a specific glass was 
unknown. In addition. methods for meuuring the RI of 
glasses and adhesives were not well documented in the 
conservation literasure. It was rherefore necessary to survey 
suitable methods for determining RI and then to apply 
these methods to the measurement of a wide range of 
glasses nnd adhesives. Only then could the feasibility of 
achieving -invisible' repnirr by choosing an adhesive with a 

matching RI to that of any historic or artistic glass be 
assessed. Each of these topics is developed in this paper. 

2 REFRACTIVE INDEX 
2.1 Description and relevance ro glass repair 
The RI determines, or can be used to describe. the 
behaviour of light when it passes from one material to 
another of  different composition. The discussion which 
foUows applies to transparent glassy materials (inciuding 
synthe~ic polymers) and materials which are glossy when 
polished (e.g. jade, gemstones and ceramic glazes). Metals 
are a dilferent case altosether. 

When light in a medium of low RI. such as air. meets a 
medium of higher RI, such as glass, a small proportion is . 
reflected (because of the difference in RI) and about 96% 
is transmitted. The eye perceives and the brain interprets 
thic-fairly-smal~ifferrnce-as--8-different-~ituatio~~~from - - 

empty air, and one sees the glass object. On the other 
hand. were the glass to be immersed in a Pquid of matching 
refractive indcu. the $ass would nor be visible at all. (Many 
conservators are familiar with this phenomenon. for when 
Panloid B Z  spheres are added to toluene they 'vanish' 
because the RI of toluene (1.496) is a fairly good match to 
thar of Paraloid B72 (1.487).) 

The amount of light reflected varies with the anile of 
viewing (see Appendix). An air-filled break in the object 
provides two air/$lass interfaces and since the fracture 
surface is generally irregular in profile. multiple reflections 
n n  resulr. Furthermore. the difference in RI between air 
nnd glass zives rise to a phenomenon known as the 'critical 
angle': at angles greater rhan the critical angle a11 the light 
is reflected back from thnr point in the ?lass and the visual 
impression is of a small area of polished. mirror-like metal 
(see Figure 1 for an example of this). Reducing the 
difference between the RI of glnss and adhesive reduces 
rhe amounr: of light reflected. resulting in a more 
t n n s p v n r  appearance. 

RI is meamred at a specific wavelength. usually that o €  
rhe sodium D line (589nm). and quoted values are often 
denoted by n ~ .  

2.1 :\fearuremenr 
Four techniques are available for measuring the RI of 
adhesives and glasses. The salient features of each merhod 
are summarized in Table' I. 

Table 1 Zchniqucs o i  RI measurement suitab[e ior glass objccrs and adhesives 

&nm,~lr 
Tcchniqur Samplr reqr l im~enn  rlccuracy Comments f Corniny GInrr 

Sronhrd 'R'l 

Rayner Relnctomrrer. Specimens with smooth tlnr k lO.Uf13 
normal mode surince 2 1l)mm x 4mrn 

Rayner ~efnctdmeter.  Curved spccimrns which allo-,: = 0.01 
distant vision min~mal surface contact 

AbbC Reimccumrrcr Specimens wirh polished Hal = ~1.111105 
surface 2 15mm x l j m m  

Immersion Specimens equivnlent ro the = 1).0113. 
size of 3 gnin  oi salt I1r less 

Suitable ior ndhesivcs. stained $lass 1.533 = O.UU3 
and certnin objects wirh liar areas 

Yot the preferred method but suitable 1.53 t I1.D1 
i f  other me:hods arc not pussiblc 

Cannot be used for mosr historic glnsses. bur I .5jJ2 z Q.O[105 
rhr preierrtd method for adhesives 

Suitable for broken glxs  or objects where 1.555 ll.IlU3 
sampliny is possible. Also suitable b r  adhesives 
wh~ch du not dissolve in rhe immrrsion liuutds 

Fur immrrsit~n liquids spaccd in units ,)i l l  111 





1 Key to Table 2 

I ADHESIVES 

1 I Arbosil Aquarium Sealan[ (silicone). *&head RatcliKc 8 
1 Co. Ltd. Belpcr. Dcrbyshire DES 1WJ. UK. 

47 Norland Optical Adhesive 03 
( W-curing sysrem) 

17 Norland Optical Adhesive 61 
( W-cwing sysrem) 

59 Vitralit DAC 
( W - w i n g  symcm) [ 2 . Eccosil 2 CN (silicone). Emerson & Curning (UK) Ltd. , 

! I South Pnrk Road. Scunthorpc. South Humbersidc DN17 
?BY. UK. 

Leader House. In-170 
, Snnrgate S~ree t .  Dover. 

Kent CTlT 9DB. UK. 

42 Tiranti Embeddins Resin @olyesrer). A .  Tiranti Ltd. 20 
Goodgc Place. London W1. UK. 3 Silastic E:! RTV (silicor~r) 

i 4 Dow Corning 3H0 RN (~Zicone) 
I 5 Dow Corning 3 144 KIT' lsilicone) 

7 S y lgnrd 184 (silicone) 

Dow Corning Ltd. 
Rczding Bridge 
House. Rcadins. Berks 
RG 1 SPW. UK. 

4 Epotck 301 (epoxv). Epoxy Technology Inc, 65 Grove 
Srreer. Waterrown. Mi\ OZI72. USA. 

ivIetset Rcsin SW (polye~rrr): first batch (46) .  second bntch " 
(48). blctallutgical Services Labonrories Ltd. Reliant 

IS lWorks. Bmckhrrn. Bctchmnh. Surrey RHI 1HW. UK. 

49 Antdite MY790I;YS3-19IDY040 Ciba-Geigy Plusties I and Mditivcs Co.. 
Plnstia Division. 
Duxford. Csmbridgc 

60 Anldire AY1051HY951 (epoxy), CB? JQA. U K. 

6 Loctite Clcar Silicone ~ c a l i n t  
(silicon c) 

30 Loctite 357 ( W curing. urerhane 
aaylic) 

35 Loctitc 350 (W curing acrylic) 
38 Loctitc 'GLnss Bond' (Wcuring 

syaem) 

Loctitc UK. toct i te  
Holdings Ltd. 
Watchmead. Wclwyn 
Garden City, Hens 
AL7 138. UK. 

Rhodopas M (PW): aftcr casting Rhodla (UK) Ltd. 
from solution (8). as supplied (10) 14 Esscr St. London 1 WClR 3AA. UK. 

53 Epofix ( c p v ) .  Strucrs. Copenhagen. Denmark. 

54 C X L  (epoxy). Resin Coating Ltd. Colebnnd House. 20 
Warwick Street. R q e n ~  Street. London W1R 6BE. UK. 1 9 Vinalac 575.1 (PVA). Vinyl Products Lrd. bIill Lanc. 

- . .. - --Carshalton.Surrey.UK. - -.. 
1 

-56-~crmnbond -E~.-(cpat;v)-Pumabond4dhcSi~~~-Ltd. 
Woodsidc Road. Easrleigh. NantsS05 1EY. UK. i 11 UHU XII-purpose' (PYA). Becchnm UHU. Brenrford. 

I Middlesex. UK. 
. 17 Evostik 'Resin W' (PYA) Evode Ltd. Common I 35 Evostik .Cleare ( C C I I ~ O J C  nima) } Road. Stafford. UK. 

HISTORIC QL ARTLSTIC G W S *  

I GMAGIDA196.38a. Crirrallo (greenish) Venetian Tam. 
16th ccntur): Beml 'hlerlin' (PW). Berol Ltd, 

Lynn. Norfolk. UK. 
Oldmcdow Road. King's 

NI-IT. Clcar (2) and violet (3) g l a s  from .Alc..andrine 
Zwitchcn~oldglnr fragment. 1st century AD. Paraloid FlO (acrylic] 

Rraloid 872 (nrrylic): aftcr 
casting from solution (15). 

lnr supplied (19) 
Panloid 882 (acrylic) 
Rmloid B67 (acrylic) 
R n l o i d  866 (acrylic) 
Paraloid A30 (acrylic) 
Paraloid BJJ (acrylic) 

4 GMAGlBCII7.64. Dark blue transparent glass from Roman 
bottle. car1y centuries AD. Rohrn J? Maas (UK) 

Lrd. Lcnnig Housc. 
7 Mson's Avenue. 
Cm)don CR9 3NB. 
UK. 

5 R'NMI075J.Z48. Bohemian gluss. wheel engraved. mid- 
18th ccntury. 

Spunish (Catalonin) jug. clear glass. 
13th ccntury: vessel glass (6). ornament elass (23). 

7 NHT. Clear g i z s  from Islamic lamp Fragment, .l5thlWth 
century AD., -. 

S Egptinn vesselstamp. 8th ccntury AD (19. Table I]. 

9 Eleven Egypcinn vessel %amps. coin weights. erc.. Sth 
century AD [19. Tabte i]. 

IO NHT. Cl=ar g lvs  imm Islamic lamp fragment. 13th114rh 
century AD. 

11 WNhtI075J.170. Russian (?) covered bmkcr. wheel 
engraved. mid-18th century. 

12 GhIAGirVOj. l8Sgp. Cypriot glass Rast. early centuries 
AD. . 

l3 Egyptian beoh:  one pale green fromTrl1 Asmar. 1700-2500 
BC [IS. p.10. specimen no.71: two blue from Qau. 7525 
[161. 

Butvar 876.879 (polyrin~l 
brrrymL PVB) 
Butvar B E .  874. B90. B9S 
(PVB) 
Formnr 12/85 (po!vviqvl/ormnl. 
P V R  

Monsanto Lrd. 
blonsnnto House. 
LO-@ Vinoria Street. 
London SW1 ONQ. 
UK. (Manufacrurer's 
data) 

11 Plastogen G (acrylic) , 
23 Dunfix (celltrlose nitrureb Fmnk W. JocI Ltd. 

Oldmcdaw Road. 
Hardwick Industrial 
Esrom. Qns's Lynn. 
Norfolk PE30 JNH. 
m. 

3J HMG ( c ~ l l d o s c  nimrc) 
f 6 Frigilcne (cellulose nirrarc) 
5; Eralenc (cell~~lose nirmrel 
JO Rutapcu 1200 (epoxy) 
4-t Plastopen EP (epoxy) 
57 Rurapox 1110 (epap) 

24 h c a u x  Acrylglaur 4OX (acrylic). Alois K. Diethtlm 
Rrbcniabrik. CH-8306 Brilrtisellen. Swiucrland. 

NHT. Transparent umber (141 and blue (16) glass from 
Almandrine lozcn_ec-shaped decorative glass. c. 1st century 

27 %chnovit 4004A lamylic]. Ruberr Sr Co. Ltd. Dcnnings 
Road. Chcndlc. Cheshim. UK. 15 RYMS326. Bohemian plass. wheel enpnvcd. F715-l7SO 

AD. 

I7 GMX;AlO3.lS5iz. Cypriot glass dish. early centuries AD. 
19 Bostik 5293 adhesive ~celldosc nitmre). Bostik Ltd. 

Ulverscrofr Rond. Lciccsrer LE1 6BW. UK. 
7- 

J; L R White Resin iarrylicj. London Rrsin Co, PO Box 24. 
Basinesroke. Hants RG22 5AS. UK. 

18 Egyptian blur bead imm Tell el-Amarna. XVlII Dynasty 
[ 161. 

29 MXTAL YYL.1 (epoxy) Conserwtion Materials 
50 Ablcbond 3 2 -  I Icpary) Ltd. 31D Freeporc 
5 l Dcvcon 'I-ton* [tpoxy) Blvd. Sparks. NV 
2 Dcvron -5-minute' fepoxy) 39431. USA. 

' Explanarion of rc:isrntion codes: GbIAG;DA. GivlAGiBC. 
GhIAGtA = Glaseow hluseums and A n  Galleries. Department 
o i  Dccomtive Art. Burrell Collrclion. Depurtmcnt o i  
Arch~rulo~y.  rcspecrtvely: NHT = author's collection: 
R = Rijksmuseum. Amsterdam. 

I I  Opr~con UV-57 I G'V-cuntty system). Opticon Chemical. PO 
Bm 2 - M .  Palos k r d e s  Peninsula. CA YtlI7J". USA (61. 



GM.4G!D.4JU,j(~cc;. S(~uthcrr. Spanrsh bull-shapcd 
ornamcnt. yrecn slasr. 19th cenrur!? 

Cihl.4CI'D.4'Lj~SOhu. Spanish (Catalonial jug. clear glesr. 
lhth ccntur! ? 

Thrcc Egyptian red hcads fmrn Armant. 13UfIA (161. XI1 
Dvnasry. 

Egyt inn  vcssel stamp. carly-middle 8th century AD 119. 
Tablc I]. 
Egyptian ring weighi. 8th ccnrury AD? 119. Table 1). 

Egypuan green glass bead from Oau. 612 (15. p.14. 
specimen no.]]. XI Dynasty (161. 

Egyptian coin weight. early 9th ccntur? A D  119. Table I]. 
GMAGIDA196.3bc. Venetian wine glass. late lbth c c n t u v  

Egyptian coin weighl. late 8thkarIy 5th c t n m v  AD 119 
T~blc  I] .  

I GMAG/DA!93.93o. Blue (29)  and opal (541 glass from 
Vcnctian wine glass. 16thfI71h ccnrury 

NHT, Trnnsparcnr dark biue \essel elass fragment. Tell 
el-Amarna. X1'III Djnst!: 

GMAG:BC/l7.49. Pale ereen glass from Roman jar. early 
centuries AD. 

Arabic bead from Assint. probably 14th-XBth ccntury AD 
1161. 

- - - N H T L Q N ~ ~ I  tu uoisc \rsscl class fragment. Tell 
el-Amarna. x\'I11 D~Z\: ------ -- - - - - 
Transparent pink bead fmrn Armam, XZUOA 1161. 

Exca~ated mediaeval stained glass from St Andrew5 
Grhcdral (35: SIAll and Elgin Cathedral (36: EC4. 55: 
ECS. 55: ECI). Scc (I71 for analytical data. 

GMAGtBCA45.470. Clcar  lass from Flemish mundcl. earl!. 
16th century. 

GMAGID~19ZjObo. Spanish ( ~ n d a l u s i a l  vase. green 
glass. 17th ccntur?: 

Clear dark blue bead from Armant. 1113D (161. 

GMAGIDAQ190c.j. Kztcr-elass. Scottish (John Baird 
Glassworks). c 1881. 

GMAGIBC115.484. Ckar. blue and green glass from 
German (Nurcmburg) stained glass panel. c. 1470-1180. 

GMAtlBU45.462  Clear €lass from Flemish roundcl. 16th 
century. 

I GMAGIDA186.65a. Clear (44) and yellow (49) glass from 
ruby glass goblet. Rhinc Glass Works Co, c. 18BS. 

45 GM.4G'BC';.'?.I; Clcar rlsss hr~rdcr dv~ec! !'I- ~cn:los~ng 
a 14th century roundcl I .  

4b GM.$,CifBC!:5.'il Clcur gins> from Dutch panc!. daitd 
IhSh. 

7 GMAG/BC/:f .-I?!'. Clcar glass from Swiss pancl. latc 16th 
ccntun. 

4& GhlAG!BC!ln\ 151. Winc glass. DutchlBri~ish. mid-18th 
centur!. 

R'hfMIO?5;.76. \vine glass. sripplc engraved. Du~ch.  Irtt. 
lbth ccnmr!: 

51 WNM4tllS. Wine glass. diamond engraved. English. 171'- 
I75(1. 

51 WRBK 1966.61. Wine glass. wheel engraved in Holland. 
EngIish. c. 17.50. 

53 GMAGl4Z.3'. Clcar glass fmrn English pancl. 14th century 

1 Glass FlG: Schott GlasuEcrkc. Ha~tcnbapt rasse  10. 
D-65IlO Maim. U'. Germany 

.I . -.. Glass Standard No 4 I Societ!. of Glass Technology. 
3 Glass Standard No 5 70 Hallam Gate Road. 
11 Glass Srandard No 5 Sheffield SIO 5BT. UK. 

Ene-Crnn.-ZC-5URbI:- -. 
Hard C m n .  HC 524592 
Ertrz Light Flint. 
ELF 54 E;?, 
Erm Light Flint. 
ELF .WM56 
Light Flint. LF567-26 
light Fiint. LF570;ll 

-.----- _ , 

Pilkington Brothers pic. 
Research d: Dcveloprncnt 
Laborarorits. Omskirk. 
Lancashirc L10 5UE GI; 

Standads prepared lor the 
6 Glass Standard B Corning Museum to 
9 Glass Srandard D simulatc the composiiion of 

Standard 76-C-l5i 
Standard 76-C-156 
S~andard 76-C-139 
Standard 76-C-I44 
Standard 76-C-150 
Standard 77-C-53 
Srandard 76-C-145 
Standard 76-C-147 
Standard 76-C-M6 

5ericS of synthetic 
mediaax1 stnined glass 
wmpor;itions prepared by 
Pilkingron Brorhm for 
Pmlcssor R.G. Newton 
[El. 



A description of the Abbe refractometer and its mode of 
operation is avnilable in standard optics textbooks [IO]. The 
authors have found the Rayner relnctometer to be an 
attractive. cheaper. simpler and more versitile alternative. 
though not capable of the accuracy of the Abbi., RI 
measurements made to k0.003 are, however. of more than 
adequate accuracy for the selection of matching adhesives 
for glass repair. The immersion technique is widciy used for 
mineralogical studies and is also well described in many 
tcxtboolcs [ll,Ch.3; IZ.Ch.31. It is bused on the 
observaion of a tiny sample through the microscope (40- 
50x magnification): a series of liquids of known RI is used 
to immerse the sample until a liquid is found in which the 
sample disappears. The selection of the relevant immersion 
liquid is facilitated by observing the behaviour of the Becke 
line [11,12j. Immersion liquids are avaiiable commemally 
in steps of 0.005 or 0.01. Alternatively, a graded series of 
liquids of varying RI can be prepared by mixing two 
terminnl liquids [I?, 141. The properties which these Iiquids 
should possess are well documented [14]; mixtures of 
butyldigul (RI 1.431-1.433) and 1-chloronaphthalene (RI 
1.632-1.634) are suitable for the work described in this 

.-pop c r ; - y . - - - - . -  ------ - 

Adhesives were examined primarily with the Abbe 
refractomcter or. for less accuracy but greater convenience 
(since sampIe quality is of less importance), the Rayner 
refractometer. A sodium lamp. or a suitably filtered Iight 
source, \vas used. 'The adhesives were either cast and 
polished or prepared as a thin film either on a glass 
microscope slide or directly on the prism of the 
refractometer. In the former instances the contact liquid. 
1-chloronaphthalene. may dissolve some resins. In certain 
cases the resin was examined by immersion. but this 
me~hod was found to be more useful for glasses where a 
tiny fragment can be removed from a broken piece. Even 
for intact gloss objects. sufficient sampie can usually be 
removed unobuusively by means of a diamond-tipped 
probe. 

3 RESULTS 
3.1 The refmcrive indices of adhestves and glnrses 
The results of RI measuremeno on a variety of adhesives. 
hiimru glasses and glass standards nre -presented-in Table 
2. Specific results are plotted individually and may be 
identified by means of the key to the Table. Examination of 
these meiriurements shows up certain groupings of 
adhesives and ~lasses. and these are indicated in the Table 
by the shaded areas. the terminal points of which are 
somewhat unctrrain. 

It is clear from the Tnble that historic and artistic glasses 
span a wide range of RI. principally from c. 1.480-1.580. 
which indicates the problems of tailoring the RI of an 
adhesive ro match closely that of a glass requiring 
restoration. Fo'otruitousiy the span of glass Rls is well 
matched by that of different classes of synthetic polymers: 
for example. most amine-cured epoxy resins examined fall 
in the useful RI range 1.530-1.585. but silicone resins span 
the ranee 1.405-1..1#. and are therefore unsuitobIe for 
giving a close RI match for glass repair. (It is an interesring 
and useful offshoot of this work that polymer classes and 
glass types can often be identified on the basis of their RI. 
This is not surprising. since the RI  is a consequence of 
composition. though in the case of glasses. density is a 
more suitable probe for char;lcrerization purposes. 

Weathering and the annealing process can bath affect the 
RI of glasses [18,19J.) 

The grouping of historic glasses indudes some litenture 
values. Although few measurements of RI for historic 
glasses have been published. data are available on several 
dozen glass artifacts and experimentally-mdted 
counterparts of similar compositions. which will be 
published in due course [XI]. The vnlues for historic glnsses 
in Table 2 are mirrored by those for.specialIy prepared glass 
standards, designed to simulate the compositions of early 
glasses [22.211. 

The RIs of seven1 adhesives and l a s s e s  were 
determined by more than one method. Agreement was 
within kxperimenral error (see. for example, Table 1). 

It has been found that the RI of adhesives changes 
during cure or drying, so during the restoration of glass the 
initial appenrnnce of the repair will be modified. The 
values given in Xble 2 a r t  for fully cured resins or 
solvent-borne resins afzer several days' drying. Adhesives 
from the latter group mny never regain the R I O ~  the rcsin 
prior to the addition of solvent. The RI of Rhodooas hI 
PVA resin. for example. was 1.451 + 0.003 immediately 
after prepamtion. 1.455 after several days and 1.437 after 
severid The RI of the resin as supplied was 1.463. 
This illustntes the plasticizing effect of the solvent. which 
was still noticeable in the oldest sample. 

- Although the proportions of hardener and nsin can 
affect the RI (see section j.3). good consisrency (variations 
of + 0.001) was shown by swenl  Ablebond 34Z-1 epoxy 
resin samples prepared with the same proponion of rcsin'to 
hardener. Different bmches of Metset SW polyester resin 
showed equally high consistency in RI. 
The dispersion (a slight varintion of R1 with wavelength 

throughout the visible spectrum) of glnsses and adhesives 
has not been studied. It n n  be assumed rhat this. and the 
very small temperature dependence of thc RI. will be 
swamped by other causes. namely butch-to-batch variation 
in adhesives and variations due to working the glass surface 
during the manufacture oirhe object. 

3.2 7Xe effecr of matching rhe rejraaive irtde.r dfadhesiva 
and g l m  

Figure 1 illusmtes the significance of RI in the repair uf a 
cracked lend glass vessel (RI 1.558 + 0.003) by means of 
clear. low viscosity resins. For this repair. two different 
~ e r - w h i t e  epoxy resins were used to 81L the crack which 
runs from the rim of the vessel to its bnse. . ' 

Ablebond 342-1 wos selected from Table 2 as an adhesive 
whose refncrive index. 1.5646 = l).0005. matches very 
closely the glass in question. The resin was applied 
carefully alonz the upper half o i  rhr crack and was drawn in 
by capillary action. As the rcsin penetrated. the cnck  
immediately bemme less visible. The excess resin was 
wiped away from the surface of the glass and the vessel scr 
a i d e  for two days nr room temperature to allow the resin to 
cure Fully. By this time only a very faint hnirline could be 
seen to indimte the position of the break. ( A  chip half way 
along .this secrion of the cnck was not filled and remained 
quite visible (Fig. lb).) 

HXTT4L NYL-1. an cpmy resin af cqual water-white 
clarity to hblrbund 3 2 - 1  bur whose R1. 1 .j101 = 0.OUIL). 
differed from the glass by 0.038. was used to fiI1 the 
remainder o f  the crick down ro the base of the vessel. The 
silrnt: procedure wds adopted. bur since (his resin cures very 



Fig. 1 Modern lead glass bowl (RI 1.556) before (a) and after (b) 
repair with AbIebond 342-1 cpmty (RI 1565) above the 
a r m *  and HXEAL NYL-i epoxy (RI 1.520) below it. 

slou-ly at room temperature. seven days elapsed before cure 
was complete. For this resin the cmck also appeared less 
visible than before restomtion. especially a1 certain angles 
of viewing. At ather angles. however. total internal 
reflection of tight occurred (see section 2.1) and the crack 
appeared as a silvery line (Fig. Ib). This uas not the case 
with the part of the crack mended with Ablebond 341-1. 

11 i s  clear. therefore. that for resins chosen to match as 
closely as possible the RI of broken or cracked glass. the 
quality of the repair is superior to cases where a mismatch 
of even 0.04 occurs. 

3.3 Modificalion ofrhe refracrive index ofcommercial 
ndlt .=rives 

While the range of commercial adhesives given in Tablc 2 is 
a good starting poinr for the selection of an adhesive which 

matches the RI oC an! given glass object. there remain 
instances where this ~~lhuiiltion rn i~h t  not permit a suitable 
adhesive to be chosen. The Table can be extended in two 
ways: by the addition of ncw commercial producrs or b!. the 
ability of conservators to modif! marginally the RI of h 

particular commercial product. 
Sincc epm! resins represent the most useful class of 

adhesive for glass bonding the investigation has been 
restricted to thtse resins. Three approaches have been 
aplored: the effect of using different hardeners for a single 
epaxy rcsin component. the effect of marginall! changing 
the propmion of hardener and the effect of the addition of 
other components. principally planicizm and diluents. 
(The addition of dyestuffs does not affect the RI of a 
resin.) Thesc results are reported in fuIl elsewhere [23] bur . . 

it is r e ) m n t  10 summarize the conclusions here. 
11 is possiblc 10 curt successfully a series of commereia1 

resins based on thc di_elycidyl ether of bisphenol A 
(DGEBA) with amine hardeners othcr than those specified 
by the manufacturer. This is to be expected. since the 
DGEBA resin cornponenls of thtse epoxies are generally 
similar. RI wriations in the range 0.011 to 0.026 were 
found when a st1 of epoxy resins uas cured with alternative 

-hardeners{-31.----- ---- -. - - . - -- ., ___ 
A factor which may play some part in these RI 

modifications is the ratio of hardener to rcsin. This fac~or 
was investigated separately and it uas found that RI 
changes of the' order of O.UO2 can be produced by a 
variation in hardencr proportion of 3% from the 
recommended value [If]. 

The addition of diburyl phthalate uas also found tb affcc~ 
thc RI of the cured epoxx resin [Z]. In fac~.  the presence 
of diburyl phthaliite is the main reason for the diffcrcncc . 
in the RI of Araldite AY103/HY951 and AY1051I-IY951 
(Table 2). 

Tampering with rcsin formulations in these uzys meales 
the risk that the properties of the cured resin will be 
adversely affected. It has been observed. for example. that 
lighl-induced yellowing of w t a i n  resins is more 
pronounced when alternati~z hardeners are used but in 
other 'cases an improwmcnr in li_eh~ stability actually 
results [S]. The effect on adhesive strength has not been 
examined. 

Ear cr;rcJ; mendjig. h e ~ v ~ r ,  the re_nd_enc~ of a resin ro 
yellow is of less importance than the ability of the  RI to 
match the glass under~oing repair. A simple experiment 
served to prove this point: a crack in a lead glass vessel (RI 
1.556) filled with a solvent of matching RI (nitrobenzene, 
1.553) dyed an intense yeIlow cojour was less visible than 
the same crack filled with a u';iter-white liquid of differing 
RI (toluene, 1.496). It is implicit in this argument that the 
yellowing process does not greatly affect the RI of the 
resin. This has been found to be the case (23j. For restored 
breaks where the resin has a significant thickness, on the 
othcr hand. the yellotving of the resin can become 
obtrusive. 

3.4 Sy1u11esi.s of ad~fiii*es n*irlr a specijied refractive indcr 
An alternative approach. not pursued in the course of rhis 
work, is the synthesis of adhesives with predetermined Rls. 
This is in principle quile possible but is unliMy to become 
a practicable realiry for most conservators. De Witte 
adopted this course of action [9] in order to prepare acrylic 
picture varnishes with a high R1. It is also relevant that 
copolymerization of isobmyl methacrylatc and styrene in 



prescribed proportions has been reported to give a graded 
set of mounting media for mimscopica1 sections in the 
range 1.377 to 1.590 [U]. 

1 PRACTICAL FACTORS IN ACHIEVING A HIGH 
QUALITY REPAIR 

In this study most visual assessments of the significance of 
RI in glass repair were mads on meked  glass because this 
avoided the need so align broken Frazments, but for both 
cracked and broken glass certain steps mn be taken to 
ensure an optimum appearance. 

4. I Cracked glass 
1 The adhesive strength required for bondins cracks is 

Iess than that for bonding bmken frasments, so the 
rnnge of suitable polymers cnn be wended  to include 
classes such as acrylics which are not good adhesives for 
glass. It is also possible to use adhesives whose 
resistance to yeLlowing is not of the first order for very 
narrow cracks (see section 3.3). 

2 Since there is evidence that the Rl of an old crack may 
differ by as much as 0.35 fmrn thar of the bulk glass 
[%I it is advisable to refine the W measurement, made 
i n i d a l l y - b y - o n e - o f - t h e - m e t h o d s - d s w i b e d -  
by determining which of a series of immersion liquids 
dnwn. in  by capillary action makes the crack least 
visible. 

3 Once an adhesive of appropriate RI has becn selected. 
a greater speed of penetration of the crack by capillary 
action can be achieved by warming the resin to reduce 
its visco'sity. (for a discussion of rhc relevant factors 
involved in enhancing penetration during consolidation 
see [16.Ch.7].) The danger of the crack spreading if the 
glass itself is heated should be borne in mind. 

4.2 Brokenglars 
1 Alignment of the broken fngmenrs is all-important. 

Sometimes taped pieccs move slightly during cure or 
drying of an adhesive. A valuable technique is the 
application of an initial small. securing spot  of 
cyanoaerylare adhesive prior to bonding by the chosen 
adhesive [3]. Cyanoacryiate adhesives are not 
recommended as the sole adhesive for glass bonding as 
in time the bond will fail. 

'I When bondins fragments of Bat glass such as stained 
glass (or even gently curved pieces) it is helpful ro 
ensure that the best fit is achieved. with the fragments 
lying in rhe comcr plane. by o b s e ~ i n g  the reflection of 
a Ruorescenr lighting tube in the glass. If this appears 
smourh and unbroken then the glass is positioned 
correctly 

4.3 Cracked or broken g h ~  
The hairline crack which remains on the glass surface after 
bonding is mused by the resin creating an imperfecrly 
smooth surface with the glass. This a n  be minimized by 
smoothins out n tiny excess of resin along the edge of the 
crack or break with a 1Zu-thick k1eline.u (polyethylene 
terephthalate) film. This can be peeled away when the resin 
has ser. (One disadvantage of HXT.4L NYL-1 epoxy resin 
is rhat it  bonds so firmly to klelinex that this technique 
cannot be used.) 

5 CONCLUSIONS 
Scveml issues have been clarihed as n result ui rhis 
invesrigntion. The range of RI spanned by adhesives and 

the RI. values'typical of historic and artistic glnsses hwe 
becn identified. In the course of these measurements the 
most suitable methods for the determination of'such RIs 
have been ascertained. These results have been used to 
show that it is possible to achieve a good match between the 
RI of adhesivcs and most glasses. Experiments in the 
repair of glass have demonstrated thar tailoring of the RI of 

' an adhesive to that of a broken or cracked glass does . '  

enhance the quaIity of the repair. When a very close (+ 
0.003) match is achieved. invisible repairs almost become a 
possibility. though the ethical justification for this degree of 
perfection remains open to question. For most pracrical 
purposes ir has been shown rhat a match of c. 0.01 can lead 
to an nlmost invisible repair. and that a mismatch of c. 0.04 
can leave 'the break or crack readily visible. These findings 
arc o f  most reIevance to those glasses, especially post- 
mediaeval vessel glass, where the glass surface is not badly 
weathered.. 

It  is a valuable additional conclusion of tiis study thar RI 
derermination provides a good means of differen~iating 
certain polymer classes and glass types. 
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APPENDIX 
The rcfractivc index (n2) of b medium is pivcn h~ tht  ratio of the 
veloci~y of light in vacuum to thc vrlocir~ of light in the mcdium. 
For numerical purposes. n fair1 = 1. as for a tncuurn. Thc velocity 
of liihr in any rn:dium is less than in vacuum. so in consequcncc 
ligh: which enters L medium of hlghcr RI a an angle of incidence 
6 ,  is refracted a: a s d l e r  anplc 8:. as shown in Figun: 1. For a 
medium of lower Rl (n,). 

n,rn, = sin0,isinB2. 
When liphl is rra\.cllinp fmm glass to air and 0, rcaches 90'. % is 
called thc crirical angle 8,. and all lieht leaving the,glass surface a! 
8, or a highw angle is reflected back. This is known as toial' 
internal mflcnion. The cnrical angle is given by 

sin 8, = nltn2- 
Classical clec~roma~netic theory (Maxwell's equ3iionsl applied la  
a flat. non-ma-metic air-medium boundaq such as glau. lcads to 
the result that Iipht at normal incidence is pxnially reflcc~cd. Thc 
propanion rcRectcd is given by 

R = 1"'- "'I 

A refinement of the theory lo angles of incidencc othcr r b n  thc 
normal inrmduces polarized light (Frcsnel refiection). Sincc the 
eye cannor detecr polarization. the rcsulu lor the two polarized 
components have 10 he summed lo indimc what one unuld sec at 

- e a c h - - ~ n ~ g l ~ ~ l a r e d  values (1E.p.J[10] 
indicate that rhc simpler equation given above is \>lid for \+wing 
angles of 40' lor soda glass in air. Some valucs for typical glasses 
arc given hclotv. in Table 2. A justification for rhcse n s u l u  is 
a\ailablc in standard physics texts (e.5 1291). 

Uan 1 Air Glam 1 Air 

Total Internal Reflection 

Fig. 2 Bchaviour of light a~ an air-elass boundan: 

TaMc 3 Calcula~cd \*aluc~of the crirical angle and the percentage of lieht rcflccrcd. for tarious glasses in different rncdia 
- - . . 

G l m  in medium of lorrcr RI "2 4 0, R vien'ing wglcfor 
n~l~ idr  R ir valid 

- - -- -- - - - - -- 
Early glasTin air 1.45 1 .OO 44' 5.4% 40" 
Soda glass in air 1.52 1.00 41' 4.3% 36"' 
Soda glass in rnarchin~ adhesive 1.52 1.51 63" 0.000012 f 
Lead glass in air 1.56 I .OO 39' 5.1% --om 

22 

Lcad glass in matching adhesive I . j S  1.57 64' 0.00001 % + 
Fmrn 17B.p.101). 

+ R = 0. I % at 80'. huh. at 85'. and much less at lower angles. 
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1. INTRODUC~ION 

Criulcd glasses are familiar to dl curators or coUcctors who have handled much cxly English or European gIass, 
the word '&pled' being used ro describe rhc appcamncc of certain glasses which have a diminished nansparcncy 
owing to  very fine surface crazing. A rypical example is illlmrared in Figure I. Under thc microscope. a ncrwork 

: of fissures can bc sccn c l d y  on the surfaces of such ~Iasscs. as shown in Figure 2. On those giasses which y e  
, . 

most sevcrtly afffictcd, smaU bits of glass may havc s p d c d  away. The effect is thc r 4 t  of unsrdalc c h c m i d  
compositions which render the glasses susceptible to chcmicd artack by water. usually in &e form of 
adsorbed from the armospherz. 

CrizzIing is m o a  oft& associared with glassa made in rhe seventeenth and e i g h r ~ n t h  centuries, bur earlier 
examples may exist. and nineteenrh century examples are by n o  means rare. Thc glassa come from rather 
widespread arcas encompassing England, Western Europe (including Venice). Scandinavia, N o d  America. and 
China. There arc numerous pieces, which are known ro havc been criulcd for a long time, throughout all of 
large coUeccions dealing wirh glass af chis period. 

Grizzling is one variant of what has often been c d c d  'sick glass' - a persistat, but nor vuy pr& ram 
referring ro various forms of surface detcriorarion. T h c ~  range from a slighdy cloudy or dulled appearmcc. t o  
crizzling. to occvional occurrences of 'weeping glasses' or 'swating giasscs', which repeatedly gcnente slippery 
surface films or dropIecs if exposed ro humid condinons. All are rdatcd in that chcp art rnanifcsrariom of 
hydrolcic attack by armosphcric warcr, but we will be concrrned here primarily wirh thc crirzling phenomenon. 

Pahaps rhc btst known crizzled giasses arc d ~ o s t  made by George Ravenscroft, rhe English glassmaker credited 
-wirh- being-the-fmr-tolrapidizr on-rhqropcrcics-of ~tatglaucs:-Du~-his-tarl~xpCrimen~u~n~Ravtnr- - . 
made some pieccs which criuled within a few monchs of manufamure, a deficiency which he quickly acranptcd 
to corrccc [11. 

Several rrcauncnn have been suggsred far  c M c d  glasses. Moa of these involve impregnations with 
materiats which consolidarc thc surfzce and restore transparency and a glassy rdlecmcc. The fm 

application of this rypc of trcauncnt known t o  the author was ~ a r  by Professor j. Arvid H e d d  of Uppda  
University [2 ]  . Actually, howcvcr. none of the ucarmcnts wc have sten have picided c n t i d y  sztisfacrory rcsula. 
Bccaux sroagc under propcr condirions and careful h,mdIing xtm ro f o d  f u d c r  damage to h d y  crizzled 
glasses. rhc oudook of Thc Corning Museum has ro postpone trcarmcnr until n compietdy safe and 
sacisfaaory rrcarmmr has been pcrfcctcd. This is ma1 bur oudook as far as aircady criulcd glasses are conccrncd. 
since chesc ob jcm seem ro be stable for the prucnr. 

However, it has recently bccomc known-thar there is a rtlaud and m o a  urgenc problem concerning crizzLing 
[3]. Thcrc exists a category of glasses in early stages of criuling, which have cakcn up warcr over rhc crnturies 
bur which do not exhibit very obvious signs of dcteriorauon. Only when they arc handled and mrncd around 
undcr co r rm lighting conditions can rhc r&raic silvery rays of beginning crizking bc seen. Thex glarscs are of 
the m c  general origins and d a t s  as rhc alriady crizzitd glasses. They have become hydrated and 'quilibrntcd' 
over the centuries with humid cnvimnmcnrs When broughr inro centrally-heated galleria or apamncna. hey 
may- be- subjccrcd abruptly to very dry condirions during-rhe winrer monrhs. For exampic, in bur gdlcrics the 
rclativc humidiry frequendy drops into the 20 - 30% range during midwinta, and upon occasions has even fallen 
below 15% on cxtrcmciy cold days. Undcr such condidons rhcse hydiarcd.glanes bccomc dehydmtcd. and thc 
crinling fmm, which w a c  nor very evident to begin wi&. open up and propagarc a nenvork of hairline cracks 
across the surfacc. Thus. rhesc glasses can become swcrdy c r i ~ l e d  - and this may happen in rhc course of only t 
fcw monrhs. We have obxrvcd onc serious examole of this effect in our museum and sumcct rhat a halfdozen or 
so orhcr objects nave dercriorared ro a icss mvked degree o v a  the yews. In addition. wc have heard sevtraI 
reports of simiiar occuncnccs throughout Norrh Ammca. Europe. and Britain. 

Whilc most of the ocmrrcncs of this accclcrarine dereriorarion which have come ro our anention involve - 
vase1 glasses. rhc author has examined onc roundd of fifteenth century Gcnnan-glas (a glass bcaring painring 
and silversrained regions) which has developed an cffecz akin to crizzljng over thc p a s  deudc  or so. Since ir had 
hung adjaccnr ro a hearing rcgkcr during rhat period. ir sccms vcry Likely rhar a dehydration process w;ls rhc 
cause of i u  xcdcrarcd dercriorauon. 

By way of definition we have coined the Term 'incipient crizzIingt, ro dcscriic this dangerous meramable s n r t  
of dcraioration. It dtsignarcs glsrscs which zrc hydrared and in tht inidal stages of cri&ng (rhc damage being 
apparcnt only under careful inspccuon) and which arc susccptiblc to a rapid surface dcrcrioradon shouId they be 
exposed ro dehydrating conditions. The objccr of rhc rcsearch which follows was ro arrive at rccommcndariom 
fo; the safc srorage ofglasscs with incipient crizding so as r o  prcvenr their disimegrarion into a wvcrciy cnulcd 
srarc. We arc less conccrned for the momcnr with already crizzlcd or 'weeping' gialxs. 

Based mainly upon inruition and a few preliminary obxrvations. we recommended cariicr rhat glasses which 
show incipient crizzling sfiouid not bc cxpo~cd to  low rclanve humidiues. An[ thc rcrnpcramrc and humidiry 
should bc rnainEaincd 'r rrclativdy consant lcveis. 2nd thzr Iodized high rcrnpmtura.  such zs could d t  from 
insullntions wirh dramatic riginring, should bc stricrly avoided. Since then. some furrhcr progress nu been mldt  - - 
cowards rnlking firm suggesrions a s  co snfe cxhihkion and srorrge condidons ib*d upon 'mul  labororory 
studics. Thc g e n d  approach ro h i s  r-ch has been: 

I. To obtain fundamcnral chcmicd ~nforrnar~on on suscrpriblc plus&. 
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3. To tvaiuarc the chemical durability of the suscepubic glasses rcinrivc to other rypcs of glass. 
4. To duplicate crizzling in rhc laboratory on both synrhctic glasses and arnral pieces of early glass. 
5. To identify the primary factors conrrolling tbc chemical mechanism of crizzling. (Alrhough it wouid be 

desirable ro c s ~ b l i s h  the dmi l s  of the mechanism in rhe sense of a m e  reaction and kinetic smdy. this is . . 
nor feasible just now.) 

6. To mivc at recornmendatiorq ,as to how to prevent wccpt ib le  glasses. thox showing incipient criuling, 
from dercrioraring into severe crizzling. 

2. CHEMICAL COMPOSITIONS OF CRIZZLED GLASSES 
It has gcncrdly bccn held that crizxling is caused by the a m c k  of annospheric warer. possibly augmrnrcd by the 
upcake of carbon dioxide, and rhar thc suscepniiliry of rhe glasses to hydrolysis is the mul t  of a deficiency in 
lime. the most common stabilizer in glasses. While we also held that view - and dl do - ic seemed worthwhile ro 
confirm it by chemical analyses. Thcrifore. chemical analyses w a r  made of sevcnl carearly crizzlcd glwcs, eight of 
which arc reported in Tnblc 1. TO simplify the table, only major and minor conrrhucnts are reported. Dam on 
trace elements have been excluded. AIso included in the table are an example of a g1w showing incipient criuIing 
(no. 4011) and one of a modan g k  (no. 1823). Both of the latter wcrc used in cxpcrimcnrs aimed ar ' 
duplicating crialing in the Iaboratory. (Descriptions of the glasscs'ulalysed art given in rhc Appendix.). 

For working within &c sysrcm Na20:Ca0:Si02 (soda-licsilica glasses), a h e  content of less rhm about 4% 
by weighr would be rcgarded as very unstable by present-day standards. Even among ancient Iimc 

.contents arc ordinarily g rmra  &an 5.5-6.02, and many of rhem arc heavily wcarhcrcd. ic wiIl bc'scen, however. 
that onip rwo of the early giasss in Table 1 (nos. 1050 and 1630i are acrually soda-lime glasses: Thc ochers arc in 

K20:CaO:Si02 system (porash-limc4ica glasses1 or arc glasses containing some lead ( P ~ o ) .  The minimum 
concenrranon .. - of lime rcouircd - -  ro stabilize a ~ s h  g&-ma-v~o~-b_e-iit-thc same-~~hc-4%,l~~el.citcd-a~~~e~or 
thc soda-limc glasses. bur it is ctrcaudy not very different from thar IeveI. 

lr is quite apparent from rhc cable that all of thcx glwcs arc i n d e d  seriously deficient in l i e  and should be 
expecrcd ro bc pronc to hydrolysis. Ody nos. 1487 and 1823 mighr bc judged to  haw borderline lime contents 
and these both have such excessively high r o e l ' a l k d  conrcnts thaz rhy would dso bc cxpccrcd to be very 
unstable. (A tocal alkali conrent of 202 or grcata wodd nor be tolcrarcd by modem commercial srandards, m d  
ancient gIarw with &at much alkali u e  usually very hcavily wrarhmd.)-Nos. 461 and 4011 are she only g l ~ e s  
of rhjs group which r d y  qudify as lead glasses. and while wc haw not yet completed our litcramre sc;uch.on 
dunbi l ius  within the system K20:Pb0:SiOZ, h e  p.h levels are sllbnvldally g r a t a  than would be USKT in 
modcrn manufamure. 

Thc expl-rion of the composirional i r n b c c  of these gbsscs is of somc inr- ti h e  historian of 
chemical t&hnology. Whcncver glassmd5ng is in an ascendme, the glamnaker s c c h  tech~ologica1 means for 
improving rhc qualiry of his wares. In attempting ro mdct more neariy colourlcss glass, ' c r ido ' . i n  the usc of 
Vcnicc. it was recognized that the purificarion of raw m a r e d s  would have a beneficial effect. When leaching and 
rccrysdizanon pmcesscs were introduced for the pnrifi;auon of plznr-ash dk&, this would havc had the &em 
of lowering h e  concenvariom of cddum, magn-, and aluminum in the resulting dkali, because these 
clcmcnrs ham a tcndency to be present in Icsr soluble chcmical forms than rhe soda and/or porash. ConscqtlentIy, 
when purificd alkaIi was u s ~ d  for rndung glass, the d r h g  pcoducr would have bccn dcficirnr in lime, rn~gntsia. 
and alumina. Such glases then would havc unsublc compositions unrl rhc glass technologists of the day became 
aware. of this cffcct.gd_ c o m ~ ~ ~ ~ c d  f 0 r . i ~  by. 4&%-+gIi.!j!~nll . l im @-&cform of spmc orher ingr_edie.ng. The 
n g ' r k l t  in the-interim would have been the production of purer and possibly morc nearly colourlcss glass. 
which wodd have bcen ~ e t p u b l c  to crizzling in the y c m  ro foLIow. There is ample evidence, in facr. that h i s  is 
just what did happen in tbc dcscripcions of Neri regarding rhc purification of dMi as well as in the story of 
Rzvensaofr's pcrfccrion of his lcad#ass composirions [4]. We have u n d a  way somc aperimenu wirh barilla 
pianr asha to v e d y  this. 

This cffccr would have b e m  magnified if a g r a t a  percentage of a l M  were used in the basic formulation, as 
might have b c n  done in Vtnicc in an cfforr'ro produce a glas with a longcr working range. that is. a glvs which 
would remain softened for a longa cimc and &ow the glassmaker ro perform the  morc elaborarc manipularions 
rcquircd to make complicated dkont ive  fonns. 

In connecuon with rhe chemical cornposiuons, it is worth commenting upon a common misundrrrranding. 
One often hears rht rcmvk that it is the pink glasses which tend to crizzlc, and rhcrc are. indeed, a g r u t  many 
criPled giasss  which have a pronounced pinkish coIour. However. h i s  pink colour is confined ro thc crizxled 
surface of the glass and the objccrs wcrc initially colouriess. Since manganese was ofrcn used zs a decolorant. or 
might even havc been present in somc of chc plant ashes. mvly early glasxs contained manpnac.  When dKsc 
glascs arc a m c k c d  by warm and dkdi is leached out. chc mucmr~s arc opened up md rhc manganese bccomcs 
oxidized, yielding a pink colour in thc crizded i a v c .  Thar this is true has been verified by ~c fat: that when a 
c d c d  layer is removed from onc of these pink objects. the remaining glau is perfcctip coiourlcss. 

3 .  ELECTRON MICROPROBE ANALYSES 
Elccuon microprobe analvses of five of rhc g h s s  apparing in Table 1 w a r  c l n i d  out by W. T. h e  and T. W. + 

EliawGa of Cornhg GhsS W o r k  f h c  d y s a  w m  made on srnd l:plcs of g l u s  m o v c d  from each of zhe 
objun.  The a m p l a  WCC mounrcd in croavcrion so h r  both rhc cri=zltd layer u l d  the unaffccrzd glass w a r  
=y~usei for d v s i s .  Individual a n d v s a  of barb q o m  or; al: nmnics wrrc madc ' r  silicon. sodium. 





poanium, calcium. and l a d  [where proenc). Conctlltrauon r r q s  for each demcnt on each g i a  wert obain+d 
so that it is posiilc w ~t how rhc coaecatrrdon of each elAprt rn in area induding rhe gf+rr, 
d e d  hya,  tnd their in ra fur .  The mrpr cootrcd areas of &our 100 x 25 l.tm. h f 9 m  for a& dm= 

c o ~ ~ ~ t m m d  to s a  how their concen&ons vuitd.$ong a condnuous pbh from the d M t d  g h  our 
&mu@ the &td layen. The conccarnnon maps and profla csublirhcd the foflowing poinn. to which arc 
added our inrcrpmdons. 

1. In the four g b  whicb wkre heavily crixded (nos. ?49,.F61,1050, and 1498) the t o d i m  md pa- 
w~ very g r d y  dcpicred in the crizzled layer, indiuting that hex two dements had h & o r o u g ~ i  
lachcd our of the glvscs and probrbiy rano,vcd to a large exrent from ihe mrfirc by d i n g  in the p&. 

2. The siIicon appars somewhat richer on n percentage basis in rhc d e d  hycr &an in rhe unaffcaed 
n e  cnrichmcnc is rhc rcsuir of dre dcplcuon of he,dkaii ,  and it is likely that che r o d  quvluty of silica 
prcscnr was about &c m e  before and &r the atnck rook pIxe. 

3. The calcium and I d  contcmr appcu to have beat &&ccred by-tht luching pro- because &cy, 
wid& Ehe silim arc I s s  soluble thm rhc alkztis. (It wodd have bt tn  dif f idt ,  however. to dmca 
in the calcium lcvd because the c o n c m ~ d o n  was low to bqin wirh.) 

4. A void spxc could be darned in the four d c d  spccirn&s which dearly marked the xpu;ruon of thc 
&ed h y a  £ram the glass beneath. The anltysrs' likened chc appearance of rhc profiles to t 'seep 
funcrion', showing aunsive depiction of rhc dkdi ourside the b r e  in the crivIcd layer. In two instances 
P second fktm was &cd beneath the crizzicd layer, but this unddaycr d o a  nor show cornplcrc 
dcplcrion of ddi, o d y  a tad&cy towvds lower conccnuztion. This indicats chat h e  hydration and 
luching ractiom have pmmdcd onward into rhc g l w  bcyond rhc fm fisnvc scpuating the dcplerca 
Iaya from chc g h .  This serves as a runinda thx wc arc dcding wirh a dynamic ?stan, and that the - 

process docs not stop when a flake of crizding produrn appars. 
5. In a few places, highly loulizcd conccnnarions of dkzti showed up i n d i e g  r h a c  9 h-4 rdFldcposJrcd 

iiiirhi-tIicC'fEiifZ WcFbeheve wc h='&% -&VC~&&cp~~~=&~g~&scopic examinasiom of - 0 ~  

cr ided g h .  This would be rhc fate of alkali which had been exchanged by w a t a  but h d  never b a  
washed off the glvs during its history of human hulding. 

6. In sample n o . 1 1 .  a glass which showed only ina$ient .cr iul i ,  the a I U  have not been 
rcmovcd from the g k ,  and the profile docs not show the stcp4ike appearance of the crizzlcd glasses. The 
alkali conccnaation shows a gradual depletion gndirnr doping down from chc unaffecrcd glass ro. rhe 
surface. The profile has rhe chlracra of a diffusion front. T h a c  is some evidence of rhc b c g h h g  of a 
fissure wirhin the hydrolysing layer. (In qridpation of sqgesrions which might be prompted by rhe 
d e m o m r d  presence of some a k d i  withi'-&is layer, we rcgard it as doubdd that h e  processcould be 
reversed nreccsfully and rhe glassy suuerrrrc of the l q a  reconstimrcd by rcinwducing alkali.) 

7. The overall rhickntsscs of the reaction zones as sccn &rough n light r.&oscopc m&e bcnvcen 45 and 
100 I . L ~ ,  bur the microprobe proflcs yidd additioad information. From the spzcing of rhc fkmcs in the 
profdcs, the thickness& of tbe separated Iayers (the cr ia lcd layers) cm be atimarcd. They range from 25 
to 55 pm. In rhret of the four 'aIready crkzlcd'glasscs, the layer which had wparared is t o d y  depleted in 
aIW. In the fourrh glass, thc fronr of the raction..zone is s d l  within the c 4 c d  laver, and rhe 
undersurface of the cr&cd laver is quire rich in alkzli. In the three insrancts where the rmcGon zone had 
advanced bcyond the fssurc s c p q  rhc cr ided layer, drc deplctionhydrarion fronts had peneuated 
between 40 and 80 from the 'original' s u r h e .  On the piece showing oniy incipient crizziiq, the 
dcp£eriodhydrarion franr had p c n m r e d  23 inro the r ~ l s .  

If one cakes the thicknesses of rhe d c d  laym ahd agcs of rhc glasses at fact value. :he hydrationialkait 
dcplcrion rate of these five glassu averages out ti zbour 0 . 3 ~ m  p a  Compared to ancient &scs which x c  
heavily wearhacd (those suitable for iaycrrounring), chis is nor: as rapid a rate of hydrarion. The latter glassc 
hydrate at a rate of about 0.5-3.0 pm per ycu. Howcm, lkhdy warhered ancient glasses. such as rhost showing 
iridscence, hydrarc morc sIowly than-chc crizzled glasses. iridkcent Roman and Idamic glasses hvdrare ~t a rate 
of only nbout 0.1 pm pcr year or Icss. 

4. SYNTHETIC CORROSIBLE GLASSES 
In o rda  to learn morc abour: h c  crizzling proccss a series of synthetic g!asscs was prepared. The composicions oi  
:he giasu.  which are given in Table 2, were patterned like those obtaincd from the chemical analyses of four oi 
rht  early glasses rcporrcd in Table 1. The glasss  were prepared by -4. A. Erickson of Coming Glass Works and his 
co-workers. The compositions givcn in Table 2 are chcorctical values calculated from batch composicions, bur 
chcmicd analyses of the glasscs marc!! rhm c!osdy. These glasses wcrr used for several wcs of cxpcrimcnu. 



Table 3. Compositions of syntllctic stained glasses 
! 
I 
I 

C 

0 3  1.0 . 1.0 1.0 
MnO 1.0 1.0 1.0 
cuo -- -- 3.0 
coo -- -- U. 1 

0.5 0.5 0.5 0.5  
1 .o 1.0 1.0 1 .o -- 3.0 .- - 3.0 - - 0.1 -.- 0. I 

-- d- -- - -. i 
PbO 10.0 20.0j 17.0 - -- -- .- .- -- --- -- . . . - - - 

Prototype " Hork Nirrn- Zerck I 
KxO PbO PbOl PbO KzO NnaO- P2Or MgO CuO Un- Un- Dirrable Durable, Nn30- 

berg Camii five cffcct cffcqt cffecr stable stable, blue K a 0  base KzO effect cffect cffect 
I glass subst. blue ~ubi t .  
I 



3. Thc auto&nng produced chemicd meking [6I in XS even dtcr only sfion d u d o m .  XU and XV 
dcvdopcd a surface haziness. while XT showed no npputnt c h ~ l g c  The glanes appear to  u follows, 
in ordcr of incrmsing dunbiiiry: (very poor) XS < XU < XV < XT (appucndy snblc). 

Powdcr ten* 
Alkaii cmracrcd 
(Wt -% of glaa) 

Na? 0 0.48 - - 
K2 0 - 0.057 0.71 

AIluli cXImXcd 
(Mmolc1100 g glass) 

Na20 7.7 - - - 
Ki 0 - 0.61 7.5 1.7 

Wcirhcring ubiner expomrc" 
Timc rcqukcd to brcakd~wn 2 wkr 8 wks 4 wks 6 wks 

- . . . - , . . - chcmici.5rac-king':: - . - . - ------- - 
Days r q i r c d  1 none ==8 ~ 1 5 ,  

occun 

Sample wt -1 gram. adjusred ro c o m t  surfact ua from densiry; 
--40 to +50 mcsh; 5 rnl H20. Run for 4 hours at 9 0 O ~ .  

'* 98% RH, SO~C.  Brukdown = Obvious d m a g c  unda inspeerion without mqpZieadon. 
*.. , +.5 x 2.5 x 0.1 em polished plates in 2BS ml H20, 9 5 ' ~  15 psi, for wrying rimes. 

6. INFRARED ANALYSES 
Infrared rcficmzncc and uansrnission spccn;r wcrc taken for s c v d  a m p l s  of auroclavcd' g t v x s  and heir 
u n u c a t d  counterpans. The s p c m  wcrc run by H. Hoovcr and 3. Burltr of Corn& Glass Works. 

Rdlecnnec s p c c m  in the 8-12 pm region &blishcd dculy t h a ~  hi: aurodav=d ghs.ses had been dcplmcd in 
alkali because rhcy showed a sharper rcflcmncc pcak than the anhydrous glasies. The shift indiclra l e a  
disrurbrncc of the Si-O-Si bonds by +zli or other modifiers. It is noteworthy that this was m c  cvcn of thc 
gias XT, which showed no visible cvidcnce of dtazr ion &cr the wtodaving. 

L n i d  arnrmission spauz. in the 2-5 pm region indicated chc presence of iargc quanutics of bcu-hydroxyls, 
o r  loosciy-bound wata.  A sample of glrrs XV which had been hydrated through arrtoehving w& r d t d  by 
hearing it to 1 3 5 ' ~  for 1% hours. A specuum of thc criuied glass id in bcnvccn rhc spectra for the hydrared 
glass ind an mhydrous conrrol. indicating that dthough a sigPificmt amount of the baa-hydrovl was removed, 
a sign5culr m o u n t  still rcmlincd A5 the critzling was i n d u d .  

Infnicd s p c m  of an aumdaved sample of XV (30 minures at  121'~) wcrc &en progreisivdy w thc 
hydrated su& w a c  polishcd away.  ith his m u n s  it wu possible t o  &arc drat rhii pa&ieular hydration 
p m c a s  hzd hvdnttd rhis glass to a depth of appmxirnztdy 20 pm. somewhat lcss &an the thicknesses of the 
crizzicd kya on urly glrsts. 

Further infrared work is bung conducted in an aacmpt to iden* the diffmnr srates of binding of warer 
within the hydrxccd g l m  (71 . 

7. HYDRATION-DEHYDRATION EXPERIMENTS 
S e v d  cxpcrimcnrs havc bccn carried our with a view ro duplicating d i n g  in rhc laborarory. Among chmc 
wcrc prcii&nary cxpcrimenu which dcmonmaccd that by hazing cemin rpa of X~LUI historic gl- (bur nor 
all cypest to tcmpcramrcs benvcen 100" and 1 5 0 ' ~  scvcre surface criuIing can bc proauced. These glasses wcrc 
of divcsc origins. including Roman g h  from Iiaranis. some rpccirncns of mediaeval xzincd glasr-s and 
cightecnth cctntuqe vdscl irqmcnu. O r h c  invcstiktors havc had nmila; cxpcrienc:5 is!. W1ri-1 this.in mind. 
scvcd ~ C C S  of synthetic glwes having corrosiblc componriom were held ovcr warc or ~ r n r n c s d  in w a r r  at 
8 5 ' ~  for +ng t imd and rhcn dchydrarcd Ir wzs found &at h e  dchydratior. couid bc accornpiishcd e i h c r  by 
w x m q  rhe glass to 5 0 - 6 5 ' ~  or by plxing ~t in a dertccator. By vanow :ombtnaaom of cxperimcntd 
condisons. s c d  such glasses dcv~iopcd S U ~ ~ Z C C  mzzhg ident~cd rc rhzt observed on car)? ob~eczs o i  crizdcd 
g i s .  It might be added chat some of rhc syrhct ic  m e d M  scaincd gi- khavcd similarly undrz rhcsc 
trnnnenrs. 

Wc nocr ser  out m dcerminc what k ~ &  of r d ~ c i w  hmidiry,  at room tcmpeaturc. would inhibit h c  
dchyirrtion of hydntcd glancs M as to  rhe dcvdoprnmt of c?ksing. Expenmcnrs wctc clrricd our wirh 
chc four synrneric gl- XS. XT. XU. and XV, fn addidon. nvo x ~ a i  n r i y  ob!ccrs w c t  vcrificcd for inis 



d c n r  rher cxptrimcnv were Exricd our by M L N h n  and N. V. W d t c r s  -1 simibr scrier of 

'~d poiidid plans of the foursyarbcdc gLYa wcre hydrtrtd by rutoekving ac 1 2 1 ~ ~  and 15 psi wi& 
immersion in wprcr. Various mm&ving rimes wcre uwd. A k r  drying in zk, &c 'nydntcd g i m  w m  p h a d  in 
g i z s  .chmbm (actually dmcaror jam) which m z h G c d  conscurt in& drr ivc humidities d i i s h e d  
~cunrcd S ~ E  saluuons in the boaums of h e  chunbcrs. Tbc rehive humidicier wcrc rnomrorcd wirh an d e i  
hygromacr. The humidides wee: 1%. 25-305 (ambicnr laboratory conditions). W%, 72%. and 100%. 
m p l a  in Ehc 100% chvnber soon bcolme c o w e d  wirh dropleu of condensed wata.1 =Uthougn thc =plts 
xlrncd for the experiment were mrocirvcd for different &a. all wet= similar in rhat aft- h c  wtoclzving key 
showed no suri;lcc damage d c r d l c  by rhc unaiw eye. v i n g  in- of rimc, cxcnding from a fnv 
&ys up ro serud w&, mvly of thc glvxs dcvciopcd c-. At h e  d m e  of writing (March 19751, some 
vrnples still have nor crided Thc rauia are ~ m m v i z c d  in ~ a b l c - 5 .  . 
Table 5. Effecr of aonge conditions on hydrated g l w  

Pcrcmqc of g i w  which uirimatclp crirzicd' 
G I s  l%RH 25-3596R.H M%RH 72%RH 100%RH 

XS 100% 17%'. 0 0 0 
XT 100 40 40 0 0 
XU 100 100 100--- SO'** 0 
XV 100 100 12 0 0 

- - - 
%aip icd  100% 65 ' 38 12 0 
irr@vc 
of cornpoition 

. . , - - . - --. . . . . . 

Duradan of cxperimtar to htc I1 Scpt. 1974 - 17 Jan. 1975 
T o d  number of samples w d :  ~ 1 1 0  

a Thc k c s  required to develop imzzhy d c d  widciy. Some svnplcs 
crizzlcd wishin a few days, o r h a  required s e v 4  w e e k  

*' Of the baiancc. rhcy might nor dl have betn hydrated. 
"* Hydradon mighr have bcco exccsivc. . 

Some o r h a  urperimcnts 
Gkn Traancno R d u  

XS I. IRUIL 85"c, 78 ho: tittit surface change 
2. Storage at: O%RH Crirz aftafcw days . 

3 1% No &age d r c r  3 5 mos. 
75% No change a f m  3 5 mos. 

100% No change d r c t  35 mas. 
3. Stongc at: 0% ilfl show c r i n .  aftcr 9 :Is 

.YS, XT. I. Imm. wztcr. rm tcmp.. 35 mos. . .a. XU - lneiu. crizz. 
XU. .W ,XT. F J  - No change 

2. Scoragc ar: O%RH .YS. XU. XV - C r i z ~  dicr 9 hrs 
.Xi' - Stan C ~ ~ Z L I ? )  ~ f i e r  2 wk, 

1823 1. imm. warm, nn temp.. 35 mos. 
2. Storage or: O%RH 

No changc 
Start c r ia .  deer 90 min. 
Crizz. d~er 16 hrs 
start ~rizz.(?) afccr 2 w L  

J823 1. Storage ar: 100%RH 
Rm tcmp.. 35 mos. 

2. Second storage at: 0% 

401 1 1. No laboratory hydration 
2. Stongc at: OIRH 

12% 
21%. 34%. 52%. 
70%. f 00% No changc ye: d t e r  11 wks 

h similar sct of hydration - dchydnnon cxpcrimcnn was s-cd in 1971. but most oi h c  dppaarus. gluxs. 
and records Wac dcsuoycd in &c flood which m c k  thc M w m  in June 1971. Formnatcly. chcrc were some 
sunrivals which now show inrercsting rcruiu;. Samples of glass XS wcrc hydrated by immcnlon in wtrcr ac 8 5 ' ~  



for 78 hours Thc =rnpln showed l i d c  change a f r a  the hydntion step. They w e  &en stored for eleven dzys at  
hurnidida of 046, 31%. 75%. nnd 100%. Thc pime n o d  at  n n r z c r o  pacent crizzled xvse ly ;  the others did not 
show much h g c  Thcy were lcfr in d ~ c  n m c  '&ambers for 35 months and Side f m h a  dunzgc occnrred. Thcy 
.~nrre thcn d & e d  H, a n a r z s o  humidiry c h b e r  and within nine hours dl dcvelopcd cri&ng. 

In m o t h a  cxperimm picccs of givws XS, XT, XU, and XV w a c  givcn no h& runperatrut hydnrion, but 
j u s  lcfr ro hydrarc in discillcd warm ar r m  tcrnpcramc for 35 months. XS and XU dcvcloped some chemical 
cndcing and incipicnt d i g ,  rcspccddyi  but XT m d  XV showed no surface dura t ion  at  all. Nowevcr, when 
placed in ;r near-zero humidiry, 111 cxcept XT dcveioped severe eriuling wirhin ninc hours. (XT again proved ro - - 
bz surprisin$y'.durablt, as ir did in cm+n o r h a  cxp&ncnrs.l 

The cxpcrinimu b e d  our on rhc nvo a r l y  g h t s .  n o r  1823 and 4011. offer a diffacnt approad t o  the 
problem a d  avoid rhc diffieultics poscd by the use of autochving to hydrate rhc gIassts. 

Glass no. 1011 is an cngnvtd S i l A  gobla m d t  in abour 1710-30. The piece shows rypicil incipient 
a i d i n g  figure 3). The foot of h e  goblet had been broken in the b t  past. and rhc piece was noc considcrtd 
to  bc of ~utxzndmg h k o r i d  irnpornacc. Therefore. Mr Jcromc Suaus,  who owned thc object for some y-. 
donated it ro rhc Muxurn for mc in our. expcrirncnts, f&g &at thc informarion t o  bc gzincd from scrifidng 
pans of rhc giaa would prove ro be morc vrluablc than rhc g h  i d .  Samples wcre sawcd from the rim above 
the engraving. Thcy were cudui ly  photographed u n d a  rcproduciile lighting conditions. tnd photomicrographs 
w n c  taken to  record thc original m t e  of thc incipient &ding. One md piece was uscd for c h m i a l  andysis. 
and several of rhe orhers were  land in chvnbcrs for sroraec at known humidities. " 

Once again d c  harrridida of the charnbcrs wcrc conrrolfcd by saiunrcd salt solutions, except for a dcsicucing 
chamber employing s i l k  gel for a nnr -zao  humidiry. urd one conmining dirrilled water for 100% humidity. No 
arttmpt ws rnadc ro conuol rhc rcmpaaturc. Insread. mbienr  room rcmpcr;~tutcs prevailed. Thc humidirics. as 
rn-d wirh an decnic hyzmmctcr. arc: n0%, 12%. 21%, 34%, 52%. 70%, and 100%. 

It was found thar thc piece of objea no. 4011 placed i r  rhc chamber at n c a r - z m ~ % ~ ' I d i t ) r ' b i ~ c - ~ I p  
a i d e d  wirhin 24 hours (Figure 4 znd 5). The piece in thc chamber at 12% s c c m  ro havc begun to show signs of 
developing ctizrling at  the dmc of wridng, which miresponds ro an elapsed h c  of &out four weeks at 12%. 
None of rht wmpla at o r h a  h~lmidides xvc changed 

G l a s  no. 1823 is a d green b o d e  made in 1971 a t  rhc Juncxown, Vuginia. faaory. 11 wu sat ro the 
author for cxrmimrion because ir developed a slippdy surface fccling sbordy after mznuf;rmrc. A f r u  a chan id  
d y r i s  showed an cccssive 2lluli conrent ro be rhc clusc, parts of this bocdc wcrt a h  sacrificed for 
hydnrion-dchydmion u r p a i m t n u u o a  Fngmcnn were scored for four months ar ambient conditions in 
Coming and then s o d  in n 100% h&diry h b a  for 35 months. Another fragment of the a m c  glus was 
i m m d  in dixilIed wuu for 35 months, Neither &IS showed m y  vm'ble signs of ntrfaec d ~ a i o r a u o n  at the 
end of rhcsc h y d ~ o n  sups. Siunplcr of these s m e  fngmcnu wsc then p k c d  in, a n u t z c r o  hurnidiry chamber, 
m d  others in ?. 12% ch&btr. Within 90 minuus of being phccd in the nru-ztro chamber, the samples showed 
&inning rags of a ia l ing .  Tbcy were lcfr overnight in the c h m b a  and had become xvcrcly &cd by the 
next morning &a a t a d  of 16 bouts at  n m o  humidiry. One of thc sunpies in the 12% h b c r  appars  ro 
k developing dighr d n g  after about wceks. at h e  rime of writing. 

It is conceded that the logic which about t o  bc followed is weakened by a feu. s-crnr defects, bur even 
with t h e  in mind it is worth pursuing. in some of thc c r p t r i m a a  ouctined above. the hydration condidons 
were choscn a r h d y  and were not d=ys h e  wmc for ucb glass, so cxc mu= bc a c r d s c d  in comparing the 
bcbaviout of one glass with anorher. Morcovcr. zhc autochving uscd to hydntc tbc glasses w z  a nhc: d r h c  
uutmmr It u n  bc vgucd that the h y h t e d  sum induced by au~odaving mighr nor be chc same as thar brought 
about 5y rhS 3 0 w 5  'n%runl' hydration prnductd by rhc.aerion of.aunosphetic warm vapour o m  ccnnvics at 
room rcmperzmrc Bur noncthdcss, t h e  u c  the only dam wc h~vc ,  and in &em this same defect marks &c 
inrerprtrauon of any a d c n t c d  ageing test, so ir is funiIinr CD dl conxnnroa. 

From the &ts in the f m  part of Tablc 5, it could bc condudcd char h y k t c d  gkiscr of this type will 
aizzlc ppidly if so red  ar ncwzcro humidity. but wiU nor dchydnrc (not rzpidly) at  humididu of about 70% or  
p a r a .  In rht range of 2540%. many such g k e s  wiIL a i d e :  bctwccn h u t  4Q.7046. some gfvses wilI crizdc. 

The findings pruentcd in thc second pan  of Tablc 5 reprcsxir longer term cxpcrimcnu; and different 
hydnrion processes. some of which ctiminau rhe onus of accrlerated ageing. From the resulrs of t h a c  
cxpcrimcnn. it can be infmcd char @a hydrared by exposure drhcr ro hot U-~W for &OK &a or to  cool 
mrer  for a mamu of years will rcnin  their moisntrc for long pcriods when srorcd ax humidiuts'btnvecn 

, 
3&100%, bur that thcy npidly give up h r  m o h r c  and bccomc d y  crizdcd if uvlsfcrrcd to a ncar-zero 
humidity environment. 

Thc txpaimcnr most closely simulating a w l  musturn conditions, that inwlving rhc S i l F n  goblcr. 
dcmonstrarcd unequiwcdy that aoragr of a giass showing inciplcnt &ling at  a ncar-zcrc bumidin. will 
provokc severe d i n g  within r m a a c  of hours. The dzu on the furtarown g ivs  s u b m t i a t c  t h ~  finding. 11 
remains ro bc seen whcrber rciativdy rapid &ing u n  aiso develop on sustcptibie *a in the rangc o i  abour 
2545% rdativc humidiry. and wc havc set up long-term c x p m c n n  rcr ulnvrr rnls qucsrton. 

8. STOMGE CONDITIONS AND W E  DESIGIU' 
From d of thr foregoing, rr is a p p x a t  &at dehydration is h e  ausc of rhc ~ d m c u n c n r  of incipient ,?iz%i& 
into id! cizzling, and it is obvious r h ~ r  vrry iow h u m i m  c o n d i t i o ~ m u s t  bc nvo~dcc ir' susqtiblc  $uws are to 
bc p r o r e a d  Tbc ncxt pain: ro be m a b M e d  k just what c o n s i t u r ~ ~ m  ovnmurn nky for &c szoragc. 

Ir is somewhat disauicung that dchvdarior. occurs n: rcltrrvc hurmdina a~ nigc z W O S  ulc ha :  od?. icv=i: 



d 70% or grarer appear ro hold h y h r i o n  water in shc expuimcnd g l v v L  I t  is how-, rhrt thk h 
because rhc water had beca driven into rhe g k s a  d u  nEher drascie mndiriom Ir is hubdid ckuz sdy 
witb incipient cri- dchydmu signiflcandy in &c 4 W O %  nngc. A f k  a.& suarcb g h s u  mux drudy 
span much of their exhcnce in humidides wiEhin &st m g c  and luve not gane o w  to  full cri* We a 
preplrcd to  m E  rhcn, rhrr Khc 4040% range is Jifc 

Storage zr very high humiditia with t vi& towuds keeping warn in might then a c c e l a r e  the hykrim of 
rhc $asses and conuibutc r~ thcir u l h t c  deraiomion,  t o  wy noching o i  rhe i m p n c c i d t i c s  posed by poai& . 
modd growth. condctsarion. crc Wc condude, rhaefore, that from rhc viewpoint o i  protection 
dchydnuon: 

1. Thc 70.100% nngc is unncmnri iy high a d  undcsirablt. 
2. The 4 ~ 0 %  l ingc k d e .  
3. The 2540% &ge rdnzins opcu to .qucsrion and shouId be snrdicd in term of years-long s t o q e  

apaimencs on a d  d y  ghu 
4. Thc 0-25s nngc is clngaow in faet v u y  dangerous or: the iowu md. 

The sirnuon, &en, a be rcduccd ro quaioning whether there is anything else that a n  go wrong in thc 4060% 
- F a  

Ln 1959 O r p  and B i o n  (91 d d t  wirh a &tcd - bur nor idatid - problem ro h a t  bcing dii-d 
hctc They tccommcndcd EhPt for a f c  =orage umdk glasses should be kept dry. spcafying char by dry &q 
m u n t  2r a rdativc humidity bdow 42%. Thc rcvoning was thot ar humidiiirs bdow 4296, porvsium czrbonrrc 
(the rtlrimatc form of JfaIi I&ed out of potlsium +a) is not hygroscopic. This reasoning is cerrainly sound 
for rhc of g k c s  tfxy w e e  considering, rhat is. 'weeping' or 'sweating' glasses, and the vzlidiry of th& 
rccommendsdon secms to have been borne out  by a d  ucpcricnce. in rhc intervening ycan, large numbcn of 
' w i n g '  from the collections of rhc British Muscum w a c  stored in cases where h e  humidity was kcpc ar 
rn bdow 42% in a recut1 visit t o  Ehe B r i d  Muscum. rhc author accompanied Ms B k o n  and Mr HI@ Tair: on 
an inspection of tbe glYs involved. It was found rhaz few of the glwtc in Ehc ases had thc sbppcrinen ro touch 

. which charamizer ' w ~ i n g I _ g l a r s ~ ~ ~ ~ c h w r r f o m d - r ~ ~ m e w h a r s l i p p e r y - w ~ t . S t c n & n  
giusm which mi#r havc becn soda glasses i n s t a d  of p d  Qlasscs.) 

A troubicsomc q u a i o n  rhcn a r k s  as ro whcrha the dchydndon rate of glaats with incipicnr crizzfing mighr 
become fuc enough to provoke fnlt crizzling if they arc aored ar humidities bdow 42%; or. indcrd, could rhe 
n m c  thing happen m 'weeping' glasses? It is pmbafdy zrrificial ro trar rhcx as rwo cncirdy difercnt kinds of 
givxr hlr T i t  and Ms Bimson did nor recognize among &c gkscs  in the Bri& Museum ass my wbich thg 
mdd s y  had become more damionred d h g  the yean of xorage in hose  cases. Howcvct, since so many 
dass were involved, and h c c  no phorogritphic records of thc original stares of rbc objects wen: ;rr hind. it 
could not bc da&d wirh ceminty wherb& or nor any of hcsc gists  had bccomc more &td. 

W i  rhis in mind. we can tarn t o  che p n c r i a l  problem faccd by 'fhe Corning Mutcum of Glur;, &t pro tedon  
of $asses which show incipient crkzbg. a c r e  arc perhaps 5 0  such objects in our collccrions. Our primary objccr 
is to arrm any funher dctaionrion brough~ on by dehydmrion and, if possible, t o  minimize the condnutd 
u p d c  of r n o h ~ .  (It is recognized rhat improving sronge conditions will noc correct the +c already 
inflicted upon the glass.) I d d y .  one would assume h e  nfsr condition to  be a humidiry l e d  whcrc a m y  
sure could k established u n d a  which-ndhcr ;be hydration nor dchydntion rucrions would progress. Since ir is 
nor likely dur we could now u r i v r  a t  a sin& lcvcl which would =tidy stady-xare condiuons for so m y  
diffcrcnt gluxs. we have dcctcd to err on the ride of hydntion. feding char rhis offers lew hazard to h e  glass-' 
d u n  dehydration. It might further be gumcd h a t ,  to  cnsurc tht dchydncion will not occur. rhe humidiv 
houid bc in approxlmasdy rhc range t o  which chc ghscs had become accustomed in thca - s ly  histories. 

For these rusons. we have dccidcd ro aim i n i d l y  for %c conuol ar the 45-5546 rciative fiumidiry =nee. with 
provisions for suf£iamr adaptabui~ to  d o w  h e  h%midiv level m bc $+tea iom*tt n either dirccuon. IFsr 

. . . .  . 
&plc. d persisrenr slippcrincss dcveloped upon the surf&&, we mighr want to  drop siighdy bclow rhc 42% 
level. 1 

A committee of conscrvarors was convened to offer advice on our qstcm design and a s c  c p n m c d o n .  The 
cammitree consku of R o b m  PeUcr. ~ z k t n c c  Majcwski, Susanne sack. and ~ a t h a n  Stolow. The dcsigns have 
not ya been compiacd, bur sevuaI pivotal decisions havc been made. The resuitant system contains three main 
components: the cases, contrnUing dcvim, and a rcgmeradng unic 

The as rhemsclva wilI be scaled, with access &rough one door. Onc face, at I-. nil1 bc g l w  or plcxigh 
for exhibition purpoas. Proper gaskcring will be vcry i m p o r u n ~  Thc case wiil con& some hurnidiry-buffering 
marcrial to offsa variadon mused by changes in tempcramre. Since the tcmpctaturc of our gdlcrim can be 
conadled, no special umpcracure conuol will be iaaoduccd in thc cases. 

Special care wiII be gvcn to lighting the cascs. The lighting wiU bc external a d  properly situated so u nor to  
cause s hear build-up. and infarcd absorbing shidds will bc w e d  The ddcccrious d'fecu of spodi~hting objects 
for dramatic ahibirion are appreciaud by conservators bur nor by all curarors or coilcctors. The cffccu of heat 
build-up can be very serio&on certain rypcs of glass. for c.mple. glasses with incipienr crizziiig, painred 
surfaces. or wttthering producrs. In an cxpcrimcnt conducred in our muscum. a t  plz~es OF glass wuc pfaccd on a 
woodm p c d d  palmed black and lit with nvo 12-volr automobic lamps at a dimncc  of nbout one m c z c  The 
r c m p r u r c s  uf the g l a s s  wcre measured by drumistor pmbd placed in hoLIowcd-our dcptcssions in rhc glasses. 
.k onc point wirhin ;l piece of glass. a cemperaturc of 6 7 " ~  was meuurcd. Tcnpcraturcs or' this lcvd could 
saiously endanger gasses of rhc sorts mcnrioncd and should ncvcr be i o l ~ a t c d .  

Thc wcs will & connected KO conrroIIing unirs concaining mays of silica gel whicn WU b v e  becn equi l i6rad 
previousiv to thc nr-m relative humidity, perhaps 45%- ro 5m- r  with. I t  was iccidcd that s i i iu  gel wouId be uscd 



u @c conrroliing medium bcnusc of its incrmcu, low scnsitiviry ro tcmpmnrre change, regcnemrivc qudrics, 
and adaptabiliry tcl different lcvds of humidiry. conrrol. Circularkg devices wirh proper nfccy conuoh wiIl be 
wed to assure adequate circulation betwcen the conrroi units and rhc cases. A remote rcc0rdin.g thermohygro- 
graph wilt monitor chc relative humidity and rempcnntrc through sewing probes. A separate rtrquilibracbg.unit 
in our workroom will b; used to rcgcnaare the silica gel as requirtd. 

It is cxparcd chat, if t h e  sealanu arc good and thc cares arc not opcncd frcqucndy. rhc sysxcm will main 
stable for some months at  a tirnc. One of o,ur major goals is ro in& a sysrcm which will opcratc with a m i h u m  
of rnlinrcnancc and will bc as frcc as possiblc of annoyances caused by frilurcs of mcehznicd or d c c u j d  pam. 
For rht reason which may oppcar paradoxical ro some radcrs ,  thc Museum has dcctcd nor t o  i n d  n 
Fully-~utomatcd sysrcm. Our bciief is.rhar the more daborarc a system bccomcs mechanically, thc more'things 
rh5c Y C  LO gO WTODp. 

It is hoped h a t ,  through propcr design and construnion of rhesc usu, our gllw with incipient d i n g  will 
bc saitly prcscwcd throughout tbc coming years whilc we a n u n p t  to devise a e a m n n  which will rcxore 
chemical scabiliry to chcsc glasscs, inmad of just minain ing  dciiurcly-balanced mctasaMc m r ~  
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THE YELLOWING OF EPOXY RESTN ADHESIVES: REPORT ON 
HIGH-INTENSITY LIGHT AGING 

Jane L. Down 

Abstnn-Various room-tcnlpcrature-curc cpox~ resin 
adhesives suitable for use in ghss conservation were tested 
Tor their tendency ro yellow under high-intcnsi~y light. The 
rcsulls wcre cx~rapolricd to ~prcscnlstivc muwum condi- 
I I O ~ S .  taking inlo accounl both light- and ~hcrrnally-induced 
contributions to yellowing. Life expectancy cslimatcs. the 
lcngrh of time for a thin film of epoxy 10 yellow 
unaccmnblr. were obtained for each adhesive. Ahhoueh thc 
rnajoriiy o i  products dcmonnratcd an unac~cprable live1 of 
stabilitv. a few rormulatiom were identified with icss Icn- 
den- io yellow than others. Rsommcndations for the use 
of specific epoxy rtsin adhesives are given. 

1 Introduction 

With the advent and use of room-temperature-cure 
epoxy resin adhesives for the repair of glass artifacts. 
many difficulties in bonding glass have k n  resolved 
[I]. The inherent tendency for epoxy resin adhesives to  
yellow with time has precluded their wider acccprance 
in conservation. Research is continuing and there 
have been many new developments. A recent study by 
the author succeeded in identifying some formulations 
that showed less tendency to yellow than others under 
natural dark aging 121. This study discussed only the 
contribution to yellowing of ambient rhermal reac- 
tions. A study on the light aging of seven epoxy resins 
for stained glass conservation. reported by Tennent 
PI. identified three resins that ycllowcd least on  
exposure to light. Evidence was presented that dibutyl 
phthalate (DBP) plasticizer and alkyl phenol acceler- 
ator additives lend to promote yellowing and that 
varying the component ratios alters yellowing rates. A 
more r e n t  paper by the same author [4j identified 
two chromophores in epoxy resins that could be 
responsible lor the observed light-induced yellowing. 

Other research studies on the light aping of epoxy. 
resins have followed cnrbonyl group formation using 
infrared analyses and have found thar the nalure of 
the resin and hardener and the light exposunr condi- 
tions influence ils development [5-4. Mechanisms 
have k n  proposed to account for carbonyl group 
formation due to light aging 181: however. Lee 191 
noted that carbony1 group f'ormation did not relate to  
yellowing. In the same paper. Lee indicated that light- 
induced yellowing of epoxy resins was influenced by 
thc following hardener characleristics: nitrogen 
groups adjacent to aromatic rings. ethylcnc groups 

rather than melhylene o r  propylenc groups separating 
nitrogen groups. the number of amine funclional 
groups and lrace impurities. Kelleher [10] suggested 
that light-induced yellowing was caused by the for- 
mation of a conjugaxed structure in the bisphenol-A 
pordon of the resin. Noskov [8] proposed that 
pigmentation was due to transformations in the 
f r d p e n k i  of  chains containing aromatic rings. 
The identification of  the mechanism and chromo- 

phores of light-indued yellowing of epoxy resin adhe- 
sives would be invaluable in choosing a suitable com- 
pound for use in conservation. ~ y n t h i s i s  of a superior 
epoxy resin that could be made readily available 
would be ideal. Although the ideal solution docs not 
yet exist work in this area is progressing A more 
praclical alternative. a t  present. is to identify 
commercially-available cpoxy products that yellow 
slowly. This paper deals with this practical alternative. 
Although previous studies have compared the aging 
of some epoxy resins. the product xltction was lim- 
ited. This paper reports da& on  a total o r47  products 
with varying chemical compositions. 

2 Experimental mehods and result5 

2. J E~perirnen~ul procedure, 
Seventy manufacturers were asked for samples of  
epoxy resin adhesives suitable for the repair of glass 
artifacts. The criteria specified wcre t h a ~  the epoxy 
should m a i n  clear and colourless and thar the 
mechanical strength of the bond should remain rela- 
tively hi& even after 50-100 ycars of narural aging. 
Although many wcre dubious that any cpoxy would 
remain colourless after this length of time. 24 compa- 
nies patricipa~ed and a total of 47 prodrrcrs was tested. 

Sample preparation and absorbance measurement 
have been described previously 121. Samples were first 
measured for absorbance at 380 and 6Wnm prior 16 
aging in an Atlas Weather-Ometer quipped with a 
65M)-wau xenon arc h m p  and infrared absorbing 
filters. Constant irradiation was ensured by following 
the manufacturer's recommendatton KO increase lamp 
wattagc at predetermined intervals. These exposure 
conditions simulated noon summer sunlight filtered 
through normal window-glass (i.e.. cut-o8at 300nm). 
The tcmperamrc and relauve humidity inside the 
chamber wcrc maintained at  ideal museum condi- 
tions. 12.C I-C and 50% 2 Soto respect~vely. f h c  
black pand lemperature was approximately 35-C. 
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Samples were removed from the Weather-Ometer 
at specific time inrcrvals and absorbance at 380 and 
600nm was measured. Exposure was terminated after 
1000 hours giving a tola1 uftraviole~ irradiation in the 
300-400nm range of 35kWhr/m2. 

Since cross-sections of cured aged epoxies showed 
that yellowing was not a surface phenomenon bur 
constant throughout the thickness of the film. absorb- 
ance data (AfJBOnml - A1600nml) were adjusted for each 
individual film thicknw by s~andardiraiion to a com- 
mon thickness of 0-lmm. the approximate thickness 
of a glass glue joint. to obtain A, [q. A, for each set 
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of replicate samples was averaged. A, is rhe measure 
of the degree of yellowing of an epoxy film nr a specific 
time. Yellowing curves. plots of A, versus time. were 
made for each epoxy product tesred. These curves are 
shown in Figures I to 16 and are grouped in the figures 
according to the chemical composition of their resin 
and hardener. previously determined ['I. 

The use of the dara obtained with in~ense irra- 
diation to predict yellowing rates under ~ypical 
museum lighting conditions is complex. This is 
because: 

' I The contribution to yellowing from thermal 

FjEuri*.r 13. 14 rfiierr rr!'diek.inrt*ncjty l i~h t  rrgut~? on 1 h ~  ,rri/rrbvin~ ufzp0.r.t' rPsin arlhesivrs wi1h DGEB.4 resins und I3  J 

hurd~,nrrs cnmpmrd u/'prr(rrrsyr&lene hlerulrd or adurrrd wrrh u pnlyun~lllp ep0.r.r udducl: 1 /41  f a ]  mino-mid~,phen,rl 
g[rridrl ether udrlurr hurdrnrrx. r h I F n / ~ e . ~ ~ p r y ? . l e n ~ ~ d i r . r ~ d i a m L I r  hlen~lrd ur udduc-l~lrl hordfner. 
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The  >rllow*ing of epoxy resin adhesives: reporr on high-inrenriry lighr nging 

reactions which have been shown to be o r q t l a l  
o r  greater importance to light-induced ycllow- 
in? cannot be ignored: 

3 a linear relationship between yellowing and 
light intensity cannot be assumed. 

2.2 Themal conrrihurions to ~eilom*ing 
In comparison with typical environmental conditions 
 hat might be found in a museum the exposure condi- 
tions used in our exneriments would accelerate lieht- 
induced yellowing ;lot thermally-induced vellov&g. 
Samples subjected to less severe museum l ib l ing  con- 
ditions would require a much longer time to absorb 
the same total radiation as Weather-Omcter treated 
samples. After such long periods of natural aging the 
thermal contribution to ycllowing could be 
significant. Thc interreladonship beween light- and 
thermally-induced yellowing is complex. In the prac- 
tical situation. it is impossible to  make a meaningful 
prediction o r  the combined effect based on the results 
or the two effects taken separately because both 
bleaching by light and light-induced acceleration of 
themalIy-produced yellowing were observed. The 
usual approach is to consider either light-induced or  
thcrmall y-induced effects independently. This is valid 
only when thermally-induced effects are negligible in 
comparison to light-induced eKects and vice versa. 
Since the contribution to yellowing of epoxy resins 
due to long-term thermal effects has bem shown t o  be 
subs~antial 121. it was felt that they could not be 
ignored in the consideration of long-term effects o i  
tight. 

In the absence of any known theoretical o r  cxperi- 
mental approach. the light-induced and thermally- 
induced values o r  yellowing were simply added 
together. In the final analysis. it did not make any 
difference in the selection of an epoxy since there were 
a few produc~s that performed reasonably well under 
each set of circumstances and there was no reason to 
believe thal they would behave any differen~ty when 
exposed to the combined cffecrs. The life expectancy 
of an epoxy given in this w y  may bc some indication 
o r  how long it will take an epoxy to yellow 
unacceptably but there is no guarantee of the validit! 
or accuracy o i  this prediction. 

2.3 Lifilrr in remiry ,+c.rsw p~llo,linpot~~in~ 
In order to add the light-induced yellouinp values to 
 he thermally-induced yellowing values. 11 was first 
neccssap to convert the yelIowing cuwes obtained 
irom high-intensity light tieing to represent yellowing 
under less intense museum lighting. This conversion is 
possiblc only if yellowing under less intense museum 
lighting can be shown 10 be direct]! related to yellou- 
ng under the xenon arc source and to the irrddiation 

~ntensitics of the light sources. This was shown 10 he 
true b> invcst~giiling the relationship betaccn y c l l o ~ -  

in& irradiation intensicy and absorbed intensity. 
The refationship between yeIlowinp of epoxy resins 

and irradiation intensity o r  the xenon arc sourcc was 
investigated in a separate experiment. Samples of the 
same cured epoxy were placed ai two distinct dis- 
tances from the xenon arc source giving two different 
irradiation intensities. The samples were exposed to 
the xcnon arc source for several hundred hours and 

'yellowing of the samples was rnonirored at  regular 
intervals. as  in the original experiment. Initial rates of' 
vellowing of the samples were calculated and plorted 
against irradiation intensity. Examples o r  Lhcse plon 
can be seen in Fipure 17. The resulting curves fell 

4 I n i t i a l  Rate o f  Yellowing ( x  10 1 

Fi,rurr I T  Irradiorion in~mmir!. fpU'.n12! 1rrsu.T mirial rare 
I!! yi.llo~rin~ vr Epn~rrlrl 3672 uttd P R  JfHI. 

throush the origin and tended to be linear. indicating 
that ye1lowing is directb proportionaI to the irra- 
d~at ion intensity of the xenon arc source as repre- 
sented by qua t ion  1: 

yx 2 4 ( 1 )  
where Y, = yellowing of epoxy resin under xenon arc 
sourcc and I, = irddiation inlcnsity of xcnon arc 
source. 

Nou. acrord~ng to Bcer's Law. the absorbed 
intcnsit? (the actual quanuty of light absorbcd by an 
cpoxy from any li_ehr sourcc) is proponional ro ~ h c  
i r ~ d i a t i o n  inlensit! or thc light sourcc as represcnred 
b j  equatlon 2: 

IAz x I, (2) 
where IA, = absorhed intensrt! by an epoxy resin 
horn the xenon arc source. 

3> subsulution Icquauon 2 inlo cqua~ion I I. it can 
~herel'ore be shown rhu~ Tor thu xenon arc source. 
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yellowing is direcrly proporriona1 to absorbed dctcrminud. as dctinud b> equation 6: 
intensit! as rcprcscnted by equation 3: 

(31 Y, = c,. IA,  (6' 

wherc c, = a constant Tor the xenon arc source. Finally. the proportion of u~traviolct radiatio 
At this point. an implicit assumption is made that (30WOnrnlin visible Hght for euch light source was 

equation 3 holds true for any othcr Iight sourn: as determined and the rntio L was nlculated. as defined 
represented by equation 4: . by eqution 7: 

Y, = c,. IA, 14 1 
where Y, = yellowing of cpoxy resin under light 
SOUTCC L IA, = absorbcd intcnsily by an epoxy resin 
from light source z. and c, r a constant for light 
source L 

Now. in a sepante expcrimen~ the relationship mp- 
resented by equation 5 was shown to hold true when 
illumination intensity (11) was held constant (i.e; 11, = . 
11,): 

where I,, = proportion of ultravioler in visible 
light-xenon arc source. I,,, = proportion of ultra- 
violet in visible light-light source t. 11, = illu- 
mination intensity-xenon arc source. and 11, = illu- 
mination in~msity-light source t 

The experiment involved obtaining spectral power 
distributions of three representative museum light 
sources and the xenon arc source and normalizing 
them to the same iifumination intensity. The absorbed 
intensity of a few epoxy rcsins was calculated for cach 
of the four light sources. The actual calculation of the 
absorbed intensity involved determining the area 
under the curve resulting from h e  multiplication of 
the absorbance spectrum of an epoxy by the nor- 
malized spectral power distribution. This was done in 
the region from 300 to W n m .  the region of greatest 
absorption of epoxy resins. Next ~e rauo A was 

L = I"., 
r;;;; 17)' 

Tuble I lists the rdtios L for various light sourccs 
and the respective A ratios for sample eponles. I t  a n  
easily be seen from [his table rhat the absorbed 
intensity ratios are nearly idcntinl to the proportion 
of ultraviolet radiadon ratios. Thus. equation 5 is 
shown ro bc valid. By substituting equations 3 and 4 
into equation 5. it can be demonstrami rhat yellowing 
under any othcr light source is related to yellowing 
under the xenon un: source and  he irradiation 
intensities as rcprexnted by quation 8: 

Thus. yellowing under the xenon arc source and 
irradiation intensities of the xenon arc source and 
other less intense museum light sources m y  be used 
to determine yelloying under these less intense light 
SOUTCCs. 

3.4 Deremining I# e.rpectancies 
S i n e  most of t&e curves for high-intensity light- 
induced and thermally-induced yellowing were non- 
linear. their addition would be different depending on 
the lower light intensity siruation chosen (e.g.. filterr 
or unfiltered fluorescent lamps. filtered daylight. etc. 
For each situation chosen. it was first necessary to 
modify h e  hi&-intensity light-induced yellowing 

Tahlc I Cornporkon o j  the propartion of ul~roviokr radialion rariar ro the absarbed hlemify ra~ios for two epo-ry resin 
amteslve~ 

Lirhr ~ource Propurrion qf U V  Rariu L Rnrio A 
rndiarion in visible 
lipht l 3 W W m n 1  &oweid 3672 PR 2400 
p W'lm &fore Afrer ogind Before Afier a m  

aring . t413.8h a@g (413-8h 
Wealher-Ome~er 1 Wenrher9mtter1 

Xenon arc lamp' 350 I I I I I 
Daylight through variable 1 1.3 I +5 1.3 , 1.3 

window-@assb - 350 
Unfil~crcd fluorescent 

lamp (F40 CW)' 107 3-3 3- 1 3.6 3.7 3 
Tungsten lampb -75 or ltss 4-7 4.4 4-3 4.5 4.4 

Spectral power dinribution applied by: 
a J. 6. Atlas Wcathcr-Ometcr Manual. 
b THOMY~N. G.. 7 % ~  M u s m  Environment. Buttcrworth & Co. Ltd. London (1978). p. 160. 
c GYE Sylvania Engineering Bulletin 0-341. 
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Table 2 Represenrarivr exposure- conditions 

Illurninorion Irvel llvxr Proportion qf L:l' radiarion Example in nu~~eum 
r 3 U O O n m  I p If.' Im 

Safe illumination from incandescent or filtcrcd fluomcent 
sourm (c.g 'ideal' murum environment) 
Hi& illumination from avcrap unfiltered duorcsccnt mum 
1c.p. in a &play case) 
High illumination from unfiltered daylight 1c.g ncar a nonh 
window) 
Dirm sunlight (c.g ncar a south window) 

curve to represent the chosen situation using equalion 
8 (hereafter called a 'modified ligh1-induced yellowing 
curve') and then add it to the natural dark aging curve 
previously determined [I]. Life expectancies wcrc cal- 
culatcd from this derived yellowing curve (hereafter 
called a 'derived yellowing curve'). Since this was a 
somewhat lengthy procedure. the number ofdiKercnt 
lower fight intensity situations was limited to four 
representalive ones t h a ~  mighr be found in a museum. 
These are described in Table 3. An example of the 

addition of a 'modified light-induced yellowing curve' 
to its natural dark aging curve is illustrated in Figure 
18. Figure 19 shows all four of the 'derived yellowing 
curves' plus the natural dark aging curve for Tra-Cast 
301 1. Service life cxpecrancy for a thin film (0-lmm) 
was estimated for evee  epoxy formulation using the 
'derived yellowing curves' and is given in Table 3. 
Estimates will. of course. be shortened far thicker 
fiims and lengthened for thinner films. Standard 
OeImm film wcrc used to allow comparison of one 
product with another. IT thicker or thinner films are 
considered then estimates will change accordindy but 
the relativc ordcr will remain the same. The choice of 
absorbance values for slighdy yellow and strongly 
yellow (0.1 and 0.25 respec~ively) was based on a yel- 
lowing aoceptsbility evaluation test previously 
described 121. Also given in Table 3 is the iniual colour 
(A,) of the epoxy formulation prior to any exposure. 
T h e  lower the value of A, the less yellow the formu- 
lation. 

Fiffurr IR An e.rumplr af a 'derived yelln~~ing m n ~ '  pr- 
durt~d ,frnm a 'mtrdilred liphr-induced i r l l n ~ i n r  mri*c' and a 
narurol dark o~inp rurw ,for r . p o . ~ ~  Tra-Cur 3011. 

3 D i i o n  

The results prwnled in Figures 1 to 16 dcmonstra~c 
that light-induced yellowing is not necessarily a Hnear 
function or time. In fact. there are four distinct types 
or ycllov;ing curve: 

1 linear (e-g. Hysol TE6175iHD3561): 
2 autocatalytic [I I]. where the amounl and rate of 

yellowing increase with time (c-g.. Abltbond 
-3% I ); 

3 auio-rcrardant ( I  I]. where yellowing proeeds 
at a decreasing rate kg.. Homalite I ID0 (2)): 

4 initial bleaching followed hy a linear increase in 
vellowing (e-g.. ScotchweId 3520). 

T'; majority of epoxy products tested showed 
good. clear. initial colout (A,) before aging. cxcepl ihe 
formulations conlaining a ratty polyamide type hard- 
ener. which werc more yellow. 

When both light- and 1hcrma1ly-induccd yellowing 
were considcrcd together, the results (Table 3)  demon- 
sirate that the intensity of light exposure dic~ates thc 
service life expecianq of an! epoxy resin. Under IOU. 
intend~y irradiation. such as would be found in an 
idcal rnuseum environment. service life cxpecldncv did 



Eprr 1.1 lntrttll t / c *  i*.rpcpr.timr:r . >u.ur.v . 
a~~~l l lur  .dm: 

Dark rn.rprrsuw 121 .2 C I 'f&ul' museum i+.tpontr 
YfA H' Im: 300 iur: 22 --..- .. 

Ablebond 341- [ 
AR I2IHI 
.4mlditt 502 HY95l 
Aralditc 502 HY956 
.Ardldirc MllU HY951 

Ardldirc 601 0.HY956 
Aralditc 6010:HY951 + DBPw 
Arnldite 6010tHY956 - DBP* 
Araldilc AW106.HV953U 
Araldiic AY 103. HY951 
Ar~ldiic AY 103'HY95h 
Armstrong A-271 
Devcon EK-20 , 

h o n - ? - t o n  
Dur-a-glue #4 

EC-22 I6 
Ecmbond 14 
Elmer's Epoxy 
Epo-Tek 301 
Epo-Tck 301-1 

Epo-Tek 30 1-2 
Epo-Tek 305 
Epo-Tck 730 
Epo-Tck 731 
Epowcld 3673 
Epoxybond 
Epoxyglass 
Rnwal39-800000-9 18 
GAC 88 x 1250 
GAC BE x 1295 

(SAC 88 x 141 1 
Homalitc I100 (1) 
Homalilc 1100 (2) 
Hornalirc 1 100 +- DBP* 
Hxral NYL-1 

Hyso1015I 
Hysol TE6175iHD3561 

Quik-i-poxy 

Sco~chwcld 3510 
Tra-Bond 2 1  13 
Tra-Bond 11  14 
fra-Bond 21 I5 
Tm-Bond 2129 
Tra-Cut 3002 
Tra-Cast 3010 
Tra-Cast 301 1 
Tra-Cast 3012 
UHU Plus 

UHU Plus Endfcst 
UHU Plus Schnollftst 

- - - -- 

I I ) and (2) indicate diffcrcn~ b a t c h ~  
'Dibmyl pkhalau. 
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Ep'pux~ . Ljfe expcnanq ;years I 
- -- - - .- 

L:ntil~rred,Auorescenr lump Sor~ht-rn ~ * i n $ ~ * -  expvwrr Soulhem naindor ~xpomtc  
esposlrre r 150p H' lm: (350,~ Wllm: S O 0  Iu: I 3SOp W ; h ;  YO(HI lux: 
10011 IILr: z"cl 2 - C l  ??CI 
Sli~hf(1. Sfrongl.~ Sl i~hf lr  Sfron~I? S l i f i l l ~  S1r0n~l.r 
yellow .rellow ~ r l l o s    ell ow vellow ycl10~- 
IA,  = 0.11 A 1 1.4, =0 .1 )  ( A ,  =O.?Jr ( A ,  = 0.11 iA,=@251 

Ablcbond 342-1 19 45 3 5 < I  < I  
AR 1200 0 - 1 0 - I 0 c 1 
Aralditc 502 'WY95l < I  - -I < 0-5 1 < 0.5 < I  
Amlditc 502 'HY956 - 'I 7 c I 2 < 0.5 .c I 
Araldite 6010:NY951 < 0-5 3 < 0.5 1 < 0-5 
Araldite 6010'HY956 < 0.5 3 < 0.5 1 < 0.5 

< I. 
c l 

Arnldi~c 60IO'HY951 - DBPw <I  - 'I < 0.5 I 0.5 < I  
Araldi~e 6010.HY956 -I- DBP* < 1 - 1 < 0.5 I < 0.5 c 0.5 
Aralditc AW106rHV953U < 0.5 I1 < 0 3  4 < 0.5 I 
Araldirt AY103:HY951 1 26 < 1 14 < 1 5 
Aralditc AY 103 'HY956 27 86 8 3 1 7- 9 
Armsrrong A271 2 17 7 11 1 4 
Devcon EK-20 < 0.5 10 < 0.5 7 c 0.5 b 
Devcon-?-ton 3 18 C I 3 ~ 0 . 5  < 1 
3ur-a-glazc #4 6 71 I 7 e 0.5 2 
LC-'716 < 1 2 4 34 7 38 

7 Eccobond24 . . - 7 < 0.5 2 c 0.5 c l 
Elmer's Epoxy c 0.5 4 c 0-5 c 1 c 0.5 < I  
Epo-Tck 301 4 15 - 7 12 1 7 
Epo-Tck 301-1: 5 1 3 17 I 7 
Epo-Tek 30 1-2 I7 48 14 40 9 24 
Epo-Tek 305 1 4 c 0.5 .. 1 c 0.5 I 
Epo-Tck 730 <I I I 1 5 e0.5 2 
Epo-Tek 73 1 < 0.5 7 < 0.5 3 c 0.5 < I  
Epoweld 3672 13 48 2 7 c0.5 2 
Epoxybond < 0.5 5 c 0.5 I c 0.5 I 
Epoxydm I2 35 6 I8 2 6 
Fenwal 39-800000-91 8 1 5 r: 0.5 1 < 0-5 .< 0.5 
GAC 88 x 1250 I3 38 I 8 c l 2 
GAC 88 r 1195 < I  5 < 0.5 - 'I < 0.5 c 1 

GAC 88 x 141 1 0 4 0 - 0 c l 'I 

Homalirc 1 IOO 1 )  1 90 1 13 c l 3 
Homalitc 1 100 (2) 3 12 < 1 4 < 0.5 1 
Homaliic 1100 t DBP' < 1 5 < 0.5 I <O-5 , c 1 
Hxlal NYL-1 59 2100 26 69 9 24 

H.ysol0151 c 0.5 19 < 0.5 16 < 0.5 I I 
Hysol TEh175-HD3561 5 16 3 t( c l 3 
Mar-@as Rb58.HL58 5 I b 3 9 I 3 
PR 2400 0 5 U ct 0 < 0.5 
Quik-i-poxy 2 8 < 0.5 4 0.5 I 

Scotchweld 3570 0 16 0 16 0 13 
Tra-Bond 21 I? <I 4 < 0.5 1 €0.5 - < 0-5 
Tra-Bond 21 14 3 14 c l 4 c 0.5 < 1 
Tn-Bond 21 IS I 4 < 0-5 2 < 0.5 z 0.5 

Tra-Bond 7129 - 'I b c 0.5 3 < 0.5 < t 

'ra-Casr 3001 3 13 < 0-5 3 c 0.5 < I 
I-Cast 301 0 - -I 14 < I 5 < 0.5 I 

.P-Cast 3Ot I 3 13 c 0-5 4 < 0.5 1 
Trd-Cas~ 30 11 I I 5: 3 16 c I 4 

UHL Plus c l )i < (1,s - c U.5 c I' 1 

UHI'  Plus Endlcs~ c 0.5 d c (1.5 ~ 0 . 5  c (1.5 CL ~ 0 . 5  

I h c 0.5 5 c (l.5 LIHC Plu!. Schncllfcsl 
-7 - 

1 1  1 and 121 rnd~catr. J~Rcrcni haluhch. 
.n.k..,. t -I..L .I... . 



no[ differ significantly frnm cstimates made undcr nak 
urai dark nglng: the avenge percent rcduct~on in life 
expectancy on exposurc to ideal museum condit~ons 
was about 109'. For the second. third and fourth 
representtitive liphtlng conditions (Table 31. the aver- 
ape percent reductions in service life expecnncy com- 
pared to natural dark aging wcrc considerdbly 
higher-approximately 30. 60 and 7540 respectively. 

Dnrk e.rponrrr (22'C1 
Hxtal NYL-I > IM) > 100 
Epowcld 3672 45 =-I00 , 

Araldilc AY 103:HY956 , 4 > 100 
Ablebond 342-1 35 > ICQ 
Tra-Cast 3012 Lq 86 
GAC 88 x 1250 I9 57 
Epo-Tck 301-2 18 I; 1 
Epoxy@ass 15 42 
Dur-e-glaze #4 14 4 I 
Epo-Tck 301-1 10 38 
'I&uI' mureurn e-rpusure 1 i 5p  W lm: JOf) 1u.r: C 'C I 
HxUl NYL-I > 100 > IGil 
Ardlditc AY 103iHY956 33 100 
Ablebond 342-1 27 78 
Epowcld 3672 26 92 
Tra-Casr 3012 19 69 
Epo-Tek 3DI-2 17 49 
GAC 88 x 1 3 0  16 51 
E P o x ~ @ u  14 40 
Dur-a-glaze #4 12 34 
Epo-Tek 301-1 8 30 
UnfiIrrrrdJluorescenr /amp e.rposure I5OpH'~lm: IWO Iur: 
22 Cl 
HxUl NY L-I 59 > IM) 
Araiditc AY 103;HY956 23 86 
Ablcbond 342-1 19 45 
EprrTck 301-2 17 48 
Epowtld 3672 13 48 
GAC 88 x 1250 13 38 
Epoxyglass 12 35 
Tra+Cast 3012 I I 57 
Dur-a-glaze #4 6 11 
E~o-Tek 301-1 5 17 
.Vorrhern ~rindnw e.tpu,wre *350p U' Im; 5000 ILN: 22-Ci 
Hxtal NYL-I 26 69 
Epc-Tck 301-2 I4 40 
Aralditc AY 103rHY956 8 3 1 
Epoxyglnss 6 18 
EC-22 1 6 1 34 
EpckTck 301-1 3 17 
TmSas; 3012 3 16 
M a ~ g t a s  R658rH558 3 9 
GAC 88 x 1 3 0  3 8 
Hvsol TE6175iHD3561 3 8 

Janr L. Dnrn 

Sourhprn windor t~.rponrrtn r351)pH.' irn; 23&XI 1u.t: 2 C :  
Hxtal NYL.1 9 24 
Epo-Tck 301-3 9 24 
EC-2216 7 311 
.4ralditc AY103 HY956 -I - 9 
Epoxyglass 'I - 6 
Epo-Trk 301-1 I 7 
Epo-Tek 301 I 7 
Amstronp A-271 I 1 
Maraglas R658tHS58 1 3 
A r a l d i ~  AY 103.HY951 < I 5 

where: .A, 3 degree of yellowing 
A = absorbnu: 
[ =time 
F = average film thickness for each sample. 

The I0 epoxy formulations which showed the least 
tendency to yellow under the four representative 
museum conditions and dark exposure arc given in 
Table 4. The formulalions listed and thcir relative 
order arc diRcrent for each exposurc condition duc to 
the nature or thcir yellowing curves. Five products. 
however. are repeated for each of the exposure condi- 
tions. These arc Araldite AY103:HY956. Epo-Tek 
301-1. Epo-Tek 301-2. Epoxyglass and Hxtal 
NYL-1. If. as is usuaIly the casc. one is uncertain as 
to the intensity of light to which an epoxy lormulatior, 
will be exposed. onc would want to choose a fonnr 
lation that is the most durable under low- as well as 
high-intensity irradiation. The five formulations mcn- 
tioned above would satisfy this requirement. with 
Hxtal NYL-I and Epo-Tek 301-2 performing best 
overall. 

4 Conclusion 

In general. the results of high-intensity Iight a@ng of 
room-temperature-cure epoxy resin adhesives illus- 
trated that light-induced yellowing is usually a non- 
linear function of time. Since it was shoun that h e  
reciprocity principle was obeyed. the dam obtained 
from high-intensity light aging was scaled to represent 
yellowing under other lowcr illuminauon levels found 
in a museum environment. T h e  data mated in this 
way were added to rhc natural dark aging d a m  real- 
izing. of course. the limitations of this simple 
approach. Senice life expectancy estimates for each 
epoxy resin were thus determined. The results showed 
that the least exposure to light that epoxy resin adhe- 
sives receive. the better. exposure to d i m  sunlight is 

- cxtrernely detrimental. 



nfir pl lo%it~g of epoxy resin adhesives.- rcporr on hgh-mremiry Irghr aging 

Epoxy formulations Hxul NYL-I and Epo-Tek 
301-2 appear to be !he best choices when the effecrs of 
light and lhmnal aping are considered together. 
Aralditc AY1031HY956. Epoxyglass and Epo-Tek 
301-1 also perform nkuvely well. 

The use of epoxy rcsin adhesives in s i n d o n s  where 
a repaired anifact will be subject to high-intensity 
light. such as in the vicinity of a window. is not 
advised. since all producrs yellowed under these con- 
ditions. In an ideal museum environment (i.e.. low- 
intensity light exposure). the contribution of light- 
induced reactions to yellowing is minimal in 
comparison with that of thermally-induad reactions. 
Under the latter conditions. the service life expectancy 
of epoxy resins is limited only by the rhcrmally- 
induced rather than by the light-induced effects and 
the order of selection of a suitable adhesive will be the 
same as  for natural dark aging as published in e 
previous article (11. 

Thc author wishes to thank Raymond H. Laloncaine. 
hief of the Environmenr and Deterioration Research 

xction. CCI. and David W. Grattan. Senior Conser- 
vation Scientist. Conservation Processes Research 
Section. for their expert guidance and advice during 
the course of the project. Many thanks are also 
expressed to Eiizabcth A. Moffatt and R. Scott Wfl- 
iams of the Analytical Research Section. for analyses 
of the epoxy formula~ions. Special thanks are 
expressed to the companies who submitted samples 
for inclusion in the study. 

Suppliers of materink 

Ablebond 341-1: Conservation Marerials Ltd. Box 
2884. -340 Freeport Blvd. Sparks. NV 89431. USA. 
AR 1700: Formulated Resins Inc.. Box 508. Grcen- 
ville. RI 02828. USA. 
Araldi~e 502:HY951. Araldite 502lHY956. Araldirc 
6010!HY951. Araldite 60t&HY956 and Araldite 
AW 106'HV953U: Ciba-Geim Ltd. 105 boul. 
Bouchard. Dorval. Quchec. Canada H9S I B I. 
.4ralditc AY 103 'HY9SI and Ardldite AY 103!HY956: 
Ciba-Gcip Ltd. Plastics Division. Duxford. Carn- 
bndgc CB2 4QA. LTK. 
Armsrrong A-371: Beacon Chemical Co. Inc.. 125 
Macqueston Parkway South. Mounl Vernon. NY 
10550. USA. 
Devcon EK-20 kit and Devcon-'-ton: Devcon 
Canada Ltd. 22 Golden Gatc Courl. Searborough. 
Ontario. Canada. 

'ur-a-glaze 444: Dur-a-flex lnc.. Box 14390. 100 
~cadou Street. Hartford. Oh1 14. USA. 
EC-116: 3M Canada Ltd. Box 5757. London. 
Onlano. Canada h6.4 3TI. 

Eccobond 24: Emcnon and Cuming Inc.. Dielectric 
Materials Division. Canton. MA 02071. USA. 
Elmer's Epoxy 60601: The Bordcn Company Ltd. 
1275 Lawrence Avenue East. Don- Mills. Ontario. 
Canada M3A I C5. 
Epo-Tek 301. Epo-Tck 301-1. EPO-Ttk 301-2. 
Epo-Tek 305. Epo-Tek 730 and Epo-Tck 731: Epoxy 
Technology Inc, Box 567. 14 Fortune Drive. 
BiIlerica. MA 01811. USA. 
Epowcld 3677: Hardman Inc.. Bclleville. NJ 07109. 
USA. 
Epoxye]ass and Epoxybond: Atlas Minerals and 
Chemicals inc.. Fanningron Road. Mertztown. PA 
19539. USA. 
Fenwal 39-800000-918: Fenwal Inc.. Division of 
Walter Kidde and Co. Inc.. Box 309. Ashland. MA 
01 721. USA. 
GAC 88 x 1250. GAC 88 x 1395 and GAC 88 x 
141 1: General Adhesives and ChmicaI Co.. Box 90. 
6100 Centennial Bivd. Nashville. TN 37202. USA. 
HomaIite 1100: SGL Aornalitc. Division of SGL 
industries Inc.. I I Brookside Drive. Wilmington. DE 
19804. USA. 
Hxtal NYL-1: Conservation Materials Ltd. Box 2884. 
340 Freeport Blvd. Sparks. NV 89431. USA. 
Hysol TE6175iHD3561 and Hysol 0151: Hysol . 
(Canada] Lrd. 345 Finchdene Square. Scarborough. 
Ontario. Canada MIX 189. 
Maradas R658lH558: Acme Chemicals and Insu- 
Istion Co.. Division of Allied Products'Corp.. Box 
1404. New Haven. CT 06505. USA. 
PR 2400: Formulated Resins Inc.. Box 508. Green- 
ville. R1 02818. USA. 
Quik-i-poxy L5M129: Leech Products Inc.. Box 391. 
Fourth & Hendricks Streets. Hutchinson. KS 67501. 
USA. 
Scotchweld 3520: 3M Canada Ltd. Box 5757. Lon- 
don. Ontario. Canada N6A 4T1. 
Tn-Bond 21 13.T~-Bond 11 14. Tra-Bond 21 15. Tra- 
Bond 2119. Tra-Cast 3001. Tm-Cast 3010. Trd-Cast 
3011 and TraSast  3012: Tra-Con Inc.. 55 North 
S t r e c ~  Medford. MA 02155. USA. 
UHU Plus. UHU Plus Endfcst and UHU Plus 
SchneHfest: Lingncr & Fischer GmbH Biihl. 
Postrach 1440. D-7580 Biihl. Baden. West Germany. 
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Rhsumi-Un ccrtilrn nomhrc J'ndhesit's rux rtsines cpox) 
thermotlurc~w bla  i frold ~mployes dans la rcslnuratlon d a  
vems c)nt etc cxperimenlcs qu;lnr i leur lcndance au jaun- 
isscmml sous une lumicrc dr gnnde in tcns l~i  Lcs risultats 
unr ire tt1rapuli.s i 1'rlm~lrphCre dcs m u s k .  prcnanl cn 
mmprc li h rols h lumiire t t  Is ~vntrihurion dm condit~ons 
Je rcmpkmture JU y a u n i s . ~ c n ~ .  On ob:icnl pour chaquc 
adhisifdes estimations dc durir de vie. c'rst i dim du temps 
quc me! un film mince d'tpoxy j. jaunir nu-dcli d'uae ti mile 
accqi~ablc. Bicn quc la majoriu dcs prwluils ncconvtenncnt 
pas. on i p u  cependan~ identifier quclqucs formules qui ava- 
icnt moins tcndancc i pumr quc les aulns. Quelqun re- 
commandations d'us;lge des risinrs epoxy SOnK d o n n k .  

Aumrg-Es wurden ~SK-himlcnc. bei Raumtempcratur 
hirtcndc. f i r  Venvendung tn d t r  Ghskonservrcrung 
pceignctc Epcxyhanldme auf ihrc Tcndcnz tum Gclbwer- 
den unter hochin~cnsivem Lichr gctutet. Die Ergcbnisse 
w r d m  untcr kriicksichligung sowohl licht- wic auch 
wirme-induziener k i t d p  turn Gelbwcrdm a u i  n- 
prkntntive Museumsbrdingunpn cxtrapol~m. Lcbcns- 
crwartunpnschliigt. die Zcitdauer. die t in ditnncr 
EpoxphnfiIm bcn6dgt. pm unloterierbar gclb zu wcrden. 
uvrdcn Er j tdm Klcbcr crhaiitn. ObgIcich dic Mehmhl  der 
Produkle a n  untolcricrbara Slabili~iitsniwau aufwies, 
wurden cinigc Ansitzemi~ wenipcrf endcruzum Gelbwcrden 
als anderc idcntifizitn. Es wcrdcn Empfchlungcn liir die 
8enutzung spczikher Epoxyhanc gcgcbcn. 



THE YELLOWING OF EPOXY RESIN ADHESIVES: REPORT ON 
NATURAL DARK AGING 

Jane L. Down 

-Various mom tcmpcr;lrurc cure epoxy ruin 
adhcsivcs ruiublc for @ marrvarion have been w e d  
for heir r e s k m a  to yellowing d c r  n a u d  d d  aging 
wnditions (ZTC). Trends in yellowing in relation to &em- 
id mmpcuition of formuLtions an dims&. Although 
the rnijority of epaxy resins rrstcd demonmrtcd m atuc- 
apnble!wel of W b i .  m e  rerim h v c  been idmrified 
urih an 1[1umda!e level of srahdi~ aud m IJC ~CCOIIT 

mended for wc in eany~auon. 

The search for suitable adhcsivu for the repair and 
rcstomtion of glass a d f a a s  has in the pan povd 
xveral problems [I]. Acrylic, piycster. nitroeel- 
lulow. cyaaoaaylatc. polyvinyl =rate. polyvinyI 
utyral and phou+aetivared fornulatiom hove bctn 

=uggcstcd as glass corucrvation adhesives [Zj. 
Unfortunately. these adhesives arc characterized by 

.low poluity. resulting in inadequate bonding 
strengths. long setting timcs. seven shrinkagr: or 
hemical instability. With thc advtnt and use of 
epoxy r & ~  adhcsiva. m y  difficulties have been 
rrsolved. Room temperature cure epoxy min adhe- 
sives arc among rhost tbat s a w  most of the 
requirements of a good glas  adhesive: in partiarlu. 
hey  approach h e  high limit -of poltrity (high 
sumgth) [3], possess rebetive indices dose to 
thox of many glasses, requirt no pressure for b o d  
ing and have minimal shrinkage upon arring. How- 
ever. the inherent tcndcncy for cpaxy formuhtionr 
to yellow with rime stitill runlins a major buripr 
towards their orrrpted use in consemtion. . . 

Studies on the yellowing of epoxy resin adbui+cs 
are few: hence. standard proccdurcs for evaluating 
yellowing of rhesc adhesives a n  lacking. MU& of 
the literature deals w i t h  urifh5.l methods of 
amlcmring the yellowing by thertnochemid md 
photochemical techniques. Frorenth [Z] r r t i f i d y  
aged six mmmrrdal epoxy formul.tiom and found 
one to k lcss yellow after aging than the others. 'lhe 
typc of exposure and rates of yellowing were not 
specified. 

A more thorough study on the light aging of m e n  
epoxy rains for suincd g l w  conservation WJS 

reponed by Tcnntnt (41. He identified three resins 
hat cxfibited g m d  resistance to photochcmid ye!- 

lowing. Evidena was also presented that diburyi 
phthalate (DBP) plasticizer and alkyl phenol 
accclcntors ttndtd to promote photo-yellowing and 
bat  varying the component ratios dtend the ycl- 
lowing ntu. T h d  yellowing c f f m  were mnsi- 
dered of little i m p m a .  

Other srudics [5-161 focus more on the changes in 
physical and mechanical properties with aging. T h e  
rt1arionship of these properties to yellowing has not 
~ J I  thoroughly cxplorcd. Industrial use of epoxies 
q u i r e s  that h e y  retain sucngth, electrical md 
flexural pmpcrdcs; colour changes are not a con- 
cern. 
The identifiation of the mccfianism of and 

species responsible for yellowing would be invdu- 
abfc in &axing a suitable wmpaund for use in con- 
urvadon. Chemical synthesis of a superior epoxy 
formuhtion for d y  availability would bt i d d .  At 
prrsent. this ideal solution dots not exist. A more 
practical dternative, therefore. is to identify uisting 
mmmcrcitlly rMflPble epoxy pdlren tha~ am 
msimnt to Mowing in tfit museum environment. 

7he &very of a rtIirbIe method of artifidally 
ycilowing epoxy adh&vcs to indic~rc pcrfonnnnce 
in a museum environment would k highly useful in 
assessing the &una of epoxy formulations. 
Aaeferated rging by thvmbchcmictl reefiniqua 
has been undcmken, but problems of amdating 
rcccicntcd aging with natural aging h v c  uiun. 
Mrny formulations that n p p r  superior by 
thumochemid anrltrrttd aging ccchniqucs arc 
not so by n a n d  aging ftehniquu [17j. Combting 
aaAtntcd witf! mcurrl aging hrr proved di£?iclllt 
with othu mrttritls [18]. Wdl thcsc di&,dtics ean 
be ovemme rod undemood, =turd aging 
upcrimenu Jtin remain the best indimlor of a 
r m t e s s  performance with t h e  h u s c  they 
reflect mom uruntely the conditions of ema 
exposure. 
The purposc of this study uis TO cpry out natural 

dark aging on vuious mmmcrdaily available mom 
tcmperrfurc a r e  tpoxy resin adhcrivcs in order to 
determine which formdatioas arc most rcsistmt to 
t h t d  yeUowing. The mnmbution to yellowing by 
light-induced reactions will be r e p a d  seppntcly. 

Seventy mmuf;rctkrs were contaaed d uked to 
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provide samples of cpoxy formulations suitable for 
the conservation of glass anifacts. The criteria werc 
that the epoxy should remain clear and colourlcss 
and that rhe mechanical strength of the  bond should 
remain relatively high even after 50-100 years. 
Although many werc dubious that any epoxy would 
remain dear after this length of dme.24 companies 
participated and a total of 55 products werc tested. 

~ a c h  epoxy formulation was precisely weighed 
according to the manufacturer's specification and 
mixed thoroughly to ensure a homogeneous mix- 
ture. The mixed componenls wcre applied as thin 
films to glass slides degreased with acetone. Each 
formulation was allowed to cure at room temmra- 
turc (11'0 for the manufacturer's remmrn;ndcd 
time. The film were allowed to sit undismkcl in 
the dark for seven days to ensure a complete calrc 
before initial measurements werc taken. five rcpli- 
catc samples made from the same pot mixture for 
each formulation wen prepared. 

The extent of yellowing was monitored by 
measuring the absorption at 380 and 60hm on a 
Beckman A m  MVI ultraviolet-visible spcctm 
photomctcr prior IO storage in the dark. a! 22°C and 
4040% dative humidity. 

Since yellowing is due to an increased absorption 
of light in the blue-purple and near ultraviolet 
range. film ahrbancc ar 380nm was measured. 
This wavelength is tbc limit between the blue-purple 
end of the visible ~pccnvm and rhc ulmvioler reg- 
ion. Examination of complcrt spectral curves for 
several test cases verified that degradation changes 
were not occurring at any other wavelenyhs. 
Absorbance at 600nm was measured to coma for 
any tranrluccpcy. imperfeaians or cracking in the 
film and absorbance by the @ass. 

Samples were stored continuously in ttze dark 
then at timed intervals (approximately six months) 
they were measured for absorbance at 380 and 
600nm. 

According to Beer's taw. absorbance is direcity. 
proportional to the thickness of the sample being 
measured Samples in this nudy were of inconsistent 
thickness due to the method of prepara-. cansc- 
qucntly. dl absorbmct dam had to be standardized 
to a mmmon film rhickness in order for mtuure- 
mcnts to be comparable. F h  thicknctr for the ind- 
dent light u e ~  ody was measured on an apparatus 
co- of a Bmel& Kjacr Strain Indicator (Type 
1526). a Philips displacement probe mounted on a 
mvc1Iing miamcope with position output and an 
x-y recorder. The displacement v c m  position vacc 
was digitized from h e  x-y plot using a Hewlea 
Packad 9874.4 Digirizcr and 9830A programmaMe 
caIcu&tor and an average film thickncs (F) for each 
sample wms computed. 

All absorbance data (A at 380 and 600nm) at 

timed inrervals I t )  were subjected to the foliowing 
calcula~~on and standardizauon to a tilm th~ckness r .  

U. Imm. 
At = [A(380nmlt - A{ 600nmltj I ?!!!!?! 

. F 
At represents the degree of yellowing observed a1 a 
spcnfic rime (tl. Yellowing cllrvcs [plots of average 
At with time (I)] were platted. 

All cpoxy formuIarions were analyzed by infrared 
spcetropbotorneuy. Resins were cast as fiIm on 
silver chloride plates and curing agents examined as 
thin films bctween sodium chtoridc plates. These 
anaiyscs provided a basis by whicb the relationship 
between adhesive composition and yellowing could 
be assesxd. 

2.1 Yellowing nccepmbiljr cv-on wr 
Sina adhesives become progreaivcly yeltow with 
rime, it was necessary m cstirnate the point at which 
colour is perceived to be bcnaaxpcablc and relate 
this to absorbance mcasurcmcna. Accordingly. the 
following ydowing amptabiticy evaluation test was 
devised: 20 epoxy samples of approximarely equal 
mrn thickness and of varying degrees of yetlowness 
were xleacd. The 20 samples wtrc placed on a 
light-table and presented to 30 persons with thc fol- 
lowing instructions: 

'You have a cicar. glass artifact that has a serious 
break. The pieces have been glued rogether with a 
dear epoxy. Time has elapsed and the repaired 
break in the anifaa h turning yellow. Observe the 
samples of epoxy in front of you and anangt rhem 
in the folIowhg order imagining they r&pmz.cn. 
the cpoxy glueline: (a) not,ycflow (b) tolerably 
yellow (c) not accqtably yeUow: 
When the results were analyzed. it was found that 

epaxy samples with an absorbance (At) of less than 
6 1  were always perceived as acceptable in colour 
whiIe samples with absorbance (At) greater than 
625 werc unacceptable in colour. From a I to 0-15 
a t n a h n a ,  uncertainty in m1wr acceptabiiity 
existed. llesc limits wcre used as criteria to detcr- 
mine the approximare life expectancy of the epoxy 
formuiadons tested. 

Of the 55 formulations anaiyzcd aU but one proved 
to have as the resin component a diglycidyl ether of 
bisphenal A (DGEBA) (Figure 1). DGEBA resins 
can have various m o l d a r  wagha.  N o  anempt to 
deternine the molecIllar weight of each commercial 
resin was ma&. The one rcsin formulation ( E p  
Tck 305') differing Erom the above was composed of 
123-uis(23-cpoxypropoxy)pmpane {Figutt 1 ). 
Many of the resin components were found to con- 

tain AUen. plasticizers and diluenrs in addirion ro.the 
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DGEBA resin. Chemical formulae for these addi- 
tives arc presented in Figure 2. The results of the 
individual chemical analyses of the resin compo- 
nents may be found in Table 1. 

Figurr I Cl~cmical fannuhe of resin components nf cpory 
rmtn adhcsrr+cs. 

:gum 3 Chmiral  formulae of hnrdrncr componcntr of 
2oxy rmln adhrsrvcx. 

Curing agents for the 55 formulations wcrc 
iden~ified as amine-containing polymers. All curing 
agenfi fell within three generalized groups: 
polyamincs. amides and fatty polyarnides. Some cur- 
ing agents wen  found to be adducrs or blends of h c  
various poups. Chemical formulae for all curing 
agcnrs are presented in Figure 3. The results of the 
individua1 analyses of the hardener componcnrs may 
be found in Tablc 1. 

YcUowing curves for all products tested are pre- 
xntcd in Figures 4 to 21. Vertical axes are absor- 
bance (At: the degree of ye!lowing) while horizantaI 
axes arc time (t: m o n b  of ciapscd time). Each 
point rcptescntr the data averaged from five sam- 
ples. Thc higher the value of At, h e  more yenow the 
sample. Also. the Recpcr rhe slope of the curve. the 
greater is the rare of yellowing. The dotted horizon- 
tal lines at At = 01 and 0-25 mark off h e  critical 
range of yellowing amptabiliry determined from 
rhe yellowing acctptabiiiry evaluation test. t h e  
times corresponding to the intersection of the yel- 
lowing curve with h e  dotred horizontal lines at 0-1 ' 

and 0-25 arc the limia of h e  life expectancy m g c  
of h e  epoxy. In practical tern.  these are m p e c -  
uvdy rhc time at wh ib  a formulation will start to 
discolour visl%ly (when the yellowing curve inrer- 
seen At = 0- 1) and thc.timc at whi& a ionnulatian 
will appear sn strongly yeilawed that join1 repair 
would be wamnted (when the yellowing curve 
intcrseds At = @25). AII figures represent the 
bchaviour of a film of epoxy 0 lmrn in thickness. If 
thicker or rhinner films are considered. the &g 
mu: k adjusted. 

Yellowing curves presented in Figures 6 to 21 ue 
.grouped according to the chemical composition of 
h e  hardener component. In this way. similarities in 
h e  rates of yetlowing for epoxies mmpovd of thc 
same hardener materials could & identified. 

?he yellowing clrrvts were used to compile the 
information presented in Table 2. The Iife cxpcc- 
tancy range described a b o v ~  was determined for 
each epoxy. either dwecdy from h e  yeUowing mtve 
(if the ycliowing curve had interse& the At = 0-1 
or 0-25 dottcd horizontal Iinm during the course of 
the experiment), o r  from an extrapolation of rhc 
vellowiag curve to fuhtrt years. The reader is fore- 
Lamed hat tftrapohtions of this nature arc only 
esrimates made on available data. Values in bracken 
in fable 2 indicate such exuapofatiom and thus 
reflen some uncertainry. 

The comparative initial colour of each epoxy 
studied is given in Table 2 under the column &, 
The lower the value of &. the less yellow rhc adhe- 
dv t  when freshly prepred. 

Feller has propascd standards of evaluation of 
thermoplastic resins ( 1  91. A marcrial that retains ia 
dcnrable properties for greater than 500  or veater 
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Tabk I Raulrr of chemrcd u d ~ u  of rain and hardener cornponenu 

Hardener rype DCEBA rrrrn Rrs~n  uddinvu Hardener uddmvcr 

Modified amme (pnrnary am~nc Epowcld 3671, - Aiiphat~c arnlnc and a l k v ~  
groups. alipharic CH, cha~ns and phcnvl ether [APE) 
ether linkages - no aromatrnl Maragias R6SLH55X But).( glycidyl ether - 

(BGEI 
Tn-Casr 3012 BGE - 
Tra-Cast 3010 Polyaxypropylcne - 

(POP) 
Ep-Tek 310 POP - 
Tn-Cast 301 1 POP. bur less than two - 

above 

Triethylenctetnrnine (TETA) Anlditc 601CUHY95 t - - 
Horndire 1 1 W. - - 
ArJditc 50YHY951 Dibutyl phthafarc (DBP)- 
Anldirc AY t03lHY95 I DBP - 

A mixture of TETA. tetracthylene- M d i t e  601WHY956 - 
p n u m i n c  (TEPA) and higher h l d i r e  50YHY956 DBP 
polymeric cthylcne arnines Anldire AY103IHY956 DBP 

Poiyoxypropyiene dia&ne (POPD) Quik-i-poxy 
UHU PIUS ScfmeUlcst 

, Lepnge's 5 Minute 
Epoxy 

- 
Silica 

A blend at adducr of polyoxyethyl- Hysnl TE61751HD3561 - 
ene (POEI and a primary aliphatic E w h d  24 - 
polyarmnc Fenwd 39-800000.918 - 

Alkyl glyadyl ether - 
(AGE) 
AGE - - Benzyldimerhylnmine 

(BMDA) 

A blend or adduct of p o l y q l h y l -  PR 2400 (blend) - 
cue (POE) and a primary aliphatic E p T e k  301-2 (addual - 
polyarnine Ablebond 342-1 (adduerl- 

Polyamine-epoxy resin nddua Devcan-2-ton - 
Epoxydm - 

(Low OHI - - 

A mixture of aa aliphatic palyuninc GAC 88 X 1295 Akyl phenyl glyadyi - 
a d  a low mok& weight c h r  (APGEl 
zromaric eater 

A minure of an dipha& poiyamine +Tek 730 APE a d  aluminium Aluminium silicarc: very high 
and a fattypoiymidc . sikaxc iminc vdue' 

Epo-Tek 73 1 APE and tlurmnium Aluminium silicate: hi$ m n e  
dliuk vdue ' 

Fatty pdyamidc (vey  high arninc A m t m n g  A-27 1 - 
vdue ') AR 1200 - 

GAC 88 x l J l l  Silia 

hny polpmidc (high m i n e  Dcvmn EK-20 - - 
vrlucw) H ~ l O l S 1  - - 

Araldite AWlOb DBP and siik - 
HV953U 
UHU Plus DBP md siiin - 

66 S&ks in Conrcwodon 29 t 1984) 63-36 
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Table I fconnnurd) 
~- 

Hardener ppr 
- - - - -- 

DGEBA resin Resin addnves Hardener oddinves 

UHU Plus Endfcsr DBP and silica - 
Elmcf s Epoxy 60601 S i l ia  ?A.&tris (dimcrhyhminomerhyI) 

Anldik AVlOOl Sin 
WIOO 
Additc  RP103l DBP 
HY991 

Fany polylmidc (low aminc value*) Ren.weld RPIM DBP 
Lcpagc's 354 S i l i a  
~ e p g c ' s  ~ p o x y  sniu 

Fany polyamide adduncd or hrchwc ld  3520 - 
blended with POE EC-2216 - 
Amin~amide adduaed with Canus 1000166 - 
phtnyl glyadyl ether ( P G E b  Tn-Bond 2129 BGE 
no free cpnridt TR-Bod 2113 BGE 

POE blen&d or adducted with a Tm-Bond 21 15 - 
lyuniducpoxy a d d m  Tn-Gsr 3002 BGE 

Tra-Bond 2114 BGE 

POP blended m rdduetcd with GAC 88 x 1250 APGE 
diyrndiamide 

phenol (DMP-301 and siIiu 
DMP-30 and diilia 

(High =mine value') 
( b w  arninc value') 

Unidcndficd Eporybond Sllicl and dliatc - 
H a r d e ~  rype 13J-& t23-epaty Ruin  nddidvu Hnrdwr tad.&&= 

proporg) propuue r a i 8  

M M D A  Epo-Tek 305 - - 
* A m m e r . l u e o f a f ~ r r y ~ & ~ l ~ r o r m e n u r e o f r b t ~ f u ~ ~ w a p r ~ d ~ .  

than 100 yuars (Qsss A1 and A2 mpetively) is an 
cxctUent conservation m a t e d .  One that dcgradcs 
In 20 to 100 years (Class B) has an intcrmtdinlt 
ranking. A product tbat degrades in 1 s  that 20 
years (Class C) is considered an unstable product, 
whereas one that degrades in less than six months 
(Class T) should only k mnsidcrtd a rtmponry 
:onservation material. B a w l  on thiis stnbltity 
zlassificadon. epoxy formufations tested are prc- 
~ n t e d  in Table 2 in order of the most resistant to 
yellowing to the least resistant adhesive. 

-1 Discussion 

The results of natural dark aging illustrate that the 
natural yeflowing process of epoxy resin adhesives is 
not a linear function of time. Many of the yellowing 
a w e s  resemble the type of dtteriorarion curve dis- 

.scd first by Grassit in 1956 [ZO]. and then by 
:r in 1977 1211: that is. a non-linear curve 

,.,raaerizcd by thr t t  disrinc~ stapes. The  first stage. 
in inductron period. is ~ndicacive of little or no 

yellowing--the initial portion of the yellowing curve 
has a slope of almost zero. Several of the yellowing 
awes presented in Figurts 4 to 21 display ~ 
induction perid. In cases where rhis feature is mis- 
sing. the inducrion period may occur so quickly that 
it fails LO be detected by the fim r n ~ r c m e n r  of 
absorbance. The second stage is a steady state 
period. During his dmc. the rate of yellowing is 
high and reiariveIy constan+the yclfowing curve 
dispiays a sleep and maight slope. The final stage is 
the declining rate stage. This is the p b  in whiefi an 
increase in yellowing i s  occurring. but at a slower 
rare rhan the aeady state phase-the late ponion of 
the yellowing curve. with a more gently increasing 
lope. i l lusm~es this state. 

The results presented in Figurts 4 To 21 suggest 
that thw thrcc sragw o a r  in most of the yellowing 
curves. but at different times. Prediaing life cxpcc- 
rancy of an epoxy formulation is most amra re  if irs 
ycllowine NNC has progressed to the declininp rate 
stagc. Ideally. epoxy resins should be monitored for 

67 
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thr (man?d 

Figure 4 The rffco of m i  dark a&ng of epoxy ruin 
adhcsivcs wirb DGEBA rmrm and modikd ammc hnrdcn- 
m on yellowing. 

-C 
0 2 18 24 30 31 42 A I  

rm (lluwm, 

Figure 6 The e.fccr of  nurural dark aging 0.f epoxy resin 
arihrsrver rtrh DGEBA r c s m  and TETA bardenm on ye!- 
lowmg. 

Figwe 8 I X c  effen of nolwl &k a@tg of epoxy rain 
adhesives wrd! DGEBA r a h  and hardenem compared of 
a mitmre of T n A .  TEPA and higher pdymenc ed?jllmr 
anuna on yellowing. 

Figure 5 The rffecr of nurural dark agtng o j  e p o x ~  renn 
adhexivu w i h  DWBA reslm and modi.kd amme harden- 
ers on yellowing. 

I - ArlM11. 80101HYO61 (DIP addad) -. Ar.Mtw 502IHYQSl - HomHt. 1 l W ( D I P  aeema) - AralOttm AY lO3 IHY181  

k IfTammJ 
Rgaue 7 771e cffecr of n m r d  &rk aging of cpoxv rcsrn 
adhaves wixh DGEBA rmns conrain~ng DBP plarac::rr 
and TETA hardeners on .velk~wtng. 

==:: g:-,[bl TUHMDA 

- - D w m  -4 - c) NHUDA and BDYA 

R p r c  9 The effccr of nenuai dnrk apng D! epoxv rcrrn 
adhutvu wuh DGEBA mw und la) P O P 0  h a r h c r s .  
( b ~  T,WHMDA hardeners. ict a hardener composcd of' a 
mrnure of T.WW.WDA and BDMA on ycUowurg. 
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figure 10 The effect of n d  durk aging of  cpory rain 
adhcsivcs wirh DGEBA resins and hardcnm composed of  
a bfcnd or addun o f  POE ond a pnmary eliphanr 
pa&amnr on yeflowing. 

$1 io a 4 r i  
nmtmomh) 

Figure 12 7klhr'rfin of nmural dark agiq ofepoxy raur  
ndhaivcr wid! DGEBA minr Md (n)  an luridnrd 
hardener, tb) a hardener rampsrd of o aimvr OR 
d-phunr potyomulc m d  a low mole& wcighl orcrntauc 
crrer, Ic) polyamurc-epory rain addicted h m d e n m  o n  ycl- 
lo wing. 

Figurc 14 Thr r f i c ~  olnanmml dark agtng of cpmo resin 
adhrsivrs wrrh DGEBA resinr and #r.v polvamrdr ~hrgh 
anunr valutr hardenem r m  vcllowmg. 

I 

8 12 1 1  24 30 38 42 44 - 
T i  tmmar) 

Figure I I The ~ I ~ C C I  of narrrrd a'art aging of epoxy resin 
adhuivcs with DGEBA r u i m  and hardeners composed of  
n blend or adducr o f  POP and an ~~ p a l v d n r  o n  
vcUow1ng. 

.-. Armslronp A-271 (2) - Armrrrong A-271 11) - AA- 1200 
Oa' - - G A C I I x  1411 4 

A a a -  - -- /.- . --- r e  - . - 

t i  6 8 12 tr i r  30 3s 42  4s 

-0 

Figure 13 3% r f lm of n d  dark aging of epoxy ruin  
adhctivu wirh DGEBA ruins  and fa? polyamidr (very 
high aminr vdur) hnrdrners on y c U a h g .  

Thm(mmh, 

F i p r r  I.' Thr rf lec~ of naruml dark agrng o f  rpoxr. r n ~ n  
adhrsrves with DGEBA rarns conrdmng DBP phr~rrzrr 
and silica and fumy polyanudc t h i ~ h  ammc v@urt~ hardeners 
on .~r l lou~rn~.  
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Tab& 2 Life expccinnq rrrngc of vanouc epoxy rmrn d r s r v c s  of O*lmm rhrrkncsr under t ~ o l  dark ugng I22'f1 

Xtabiliry Epoxy . I d  cofour Life erperroncy ranre 
c h '  (A  ,I N r s  = ~londord dcvinn'onl 

JL'rhrly yell0 w Srrongly y rUow 
IA, 0+1) /At 0.25) 

Tm-Band 2129 [MI 0.032 
Tn-Caai 30 10 (3.61 0.038 
UHU P h  S h c t l f e n  13.61 6042 
Quik-i- pox^ [MI 0.041 
MIC SOYHY956 (2.11 0.014 

Cia C GAC 88 x 1250 I361 , 0.022 (19 2 3) 
Tn-Cast 3012 (2) (1.91 0.017 (19 = 4) 
EpTck 301-2 (3.9) t 0.017 (18 s 5) 
M m u  R6581HS58 (1) 12-71 0-W1 (16 = 5 )  

Hormiitc 1100 ( 1 )  [3.9] 
Remekt RPl& [40] 
-t A-271 ( 1 )  l3.91 
W T o k  310 [3*0j 
T-Bood 21 13 13-61 

Epo-Tek 305 [49I 
Tn-Bond 11 15 (3.61 
Curw 1000168 (1) [3.0] 
W i r e  AYIOYHYPSI [3.91 
GAC 88 x 1295 (3.61 

add it^ RPlOUHY991 13-01 
EC-2216 (5.91 
E p o r y b d  19-91 
Epo-Tck 730 [3-91 
Homlli!c 1100 + DBP [I+] 

(57 z 8) 
(54 t 1 1 )  
(51 2 13) 
(46 = 15) . 
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- -- 

Sliphriy .veilow. Srrnnply yrllow 
IA, r 0.1) (.4! (1.25) 

Araldte 502'HY951 12-11 0.018 C I ( 3 ~ 1 1  
Anlditc WlWHY956 .r DBP [Z-0) 0020 c 1 ( -3 = I )  
AmIdite 6010/HY951 + DBP (2.0) 0017 C I ? = I  

-'I= 7 UNU P I u  ( 1 ) I3.61 0-075 C0.S I (36 = I1)B 
UHU Plus Endfut 13-61 QOS8 <@5 (24 = 7)B 
M d i l c  AW lWHV953U 12-1 1 0.068 C0.5 
H p l O 1 5 1  13.91 0.080 CO.5 

- ' Devcon EK-20 ( I )  [3-91 OW9 < 0 5  
E p T c k  731 13-91 0.083 CG5 
tepage's Epoxy [3.0j 0-079 <@S 

Urncr's Epoxy j3.91 0.094 C0.5 
UHU Plus (2) 12.01 0083 ( 0 - 5  
PR 2400 (1) (2.01 0.029 CO-5 
Devcon EK-20 (21 12-11 0-039 e 0 5  
Arrlditc 60IWHY956 [2.1] 0.019 C 0 5  

Araldite 601WHY951 [?.I] 6 M 4  <a-5 
Canus 1000168 (2) [1-6] b029 CO-5 
SeD~chveld 3520 13-91 0.128 0 
PR 2400 ( I )  13-41 0.140 0 
GAC 88 x 141 I 13-61 &lo6 0 

vcllowing until the final scagt is evident. Frquendy. 
nowever. adhesive stiection is based on  a single 
=fore and after aging measurement with the 
issumption that yellowing ocatrs in a l i n u r  manner. 
This approach can sornctima furnish misleading 
:nforma~ion as  can k illusnarcd with the yellowing 
arvu in Figures 15 and 16. At six monhs. Araldite 
RP103/HY99? epoxy films (A, = 0.078; induc- 
i o n  state) were 1- yellow than UHU Plus (1) films 
A, = 0-101; declining rare stage). If one assumed 

iincarity of the yellowing curves and ceased to 
monitor the films beyond six months. the selection 
>f Araldite RPI031HY991 as the adhesive more 

-rant to ycflowing would be made. Continued 
orinp of the films. however. demonsrnted thar 

la.-. taro years. UHU Plus I )  films (A&, = 01 1 1: 
declining ratc stage) werc. in fact. less yellow than 
qralditc RP103:HY991 [A, = 0-135: d c c l i n ~ n ~  

rate stage). l l is was bcsaw the yellowing w e s  
were not linear and the dedining rate stages of the 
two adhesives began at different times. I t  is impor- 
ran!. therefon. to  monitor epoxy films undergo~ng 
natural aging ar frequent intcrvah and continue until 
such time as the dedining rate stage is evident. In 
some situations. the degree of yellowing of a product 
may become unacccptabIe before is yellowing curve 
has r e a h e d  the declining rare stage. I t  would not k 
necessary ro conunuc monitoring sucfi a product 
since it has already reached a level of unacceptable 
miour. 

Some of the yellowing curves for epoxy products 
tested in this study had not, at publcation. progres- 
sed to a dedining rate stage or reached an unaccept- 
able degret of yellowing. Life txpemnq estimates 
made on such products and listed in Table 1 are 
brackercd. rcfleaing the unccnainty of the cstimarc. 

Studies in Corncryanon 29 t 1984) 63-76 71 



Jane L. Down 

i i2 <a $4 io 3% 4 2  ra 
T k w o  

R p c  16 The cfin of nruurat dark aging oi cpoxv resin 
odhuivcr wirh OGEBA wsim conmining various addinvu 
ond faup polym'de (high &e value) hardeners on yel- 
lowing. 

I 

Figure 18 7 X e e f f t n o f n n a v d d r u k a ~ g o f e p o x y r c r i n  
adhuiva wirtc DGEBA ruins md j q  po~omide  
addurred or blended hardeners on yellowing. 

- Tra-9anu 2 115 - Trr-Bond 2 f I 4  a) ? O E - P U I Y ~ ~ I ~ ~ I E D O ~ Y  - f r m 4 ~ d  3002 1 - OAC II = 1250- b) ~ ~ ~ - D l ~ m d h k l ~  

figure 20 TIrc cfFcr of n a n d  &rk aging of epoxy rm'n 
odiraives DGEBA r t sh  and la) hardenm composed 
of POE blrndrd or adduncd wuh a polyamide~epory 
oddua IbJ a POE-dic_vMdiamrdr blended or oddunrd 
hardener on ydlowing. 

ir i2 la 24 io i a  r t  4 ~ '  

7- tmarul 

Figure 17 The e f i n  o f n w d  dark ayng of epoxy rrstn 
adhesives with DGEBA ruinr and fq poiyum~rlr i b w  
ominc value) hardenem on yellowmg. 

- Canur 1000111 (21 
-C.nul 1000161 (1) - Yradona 2 I 1 J 
-.c Trm-8ond 2129 

rm(mmaw, 

Rgwe 19 m e  tJfccn of nnnual dork apinf o f  epoxy resrn 
adhcsivn wirh DGEBA ra ins  and -0-umdc.PGE 
uddmed hardmen on ydowing. 

1 
% 8 1'2 18 24 SO Ja 42 4a 

r m o  
Figure 21 fhr c e c i  of nnnud dark agmg of e p o p  rurn 
adhesives w i d  1.2~-nisl~~-cporyprop~.ry)prnpanc resm 
and a TMHMDA hardener on yellowzng. 
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Monitoring of these formular~ons is conrinuinp and 
will be reported in fururc communicatrons as war- 
ranted. 

Some general trends and similarities in the rates 
of narural yellowing presented in Ftpurcs 4 to 11  for 
each epoxy hardener poup  will now be discussed. 

4. I Modified aminr hardencr (Figures 4 and 5 )  
Epoxy resin adhesives conraining ,this hardener 
tended to have good initial calour. In gcnerai. the 
rates of yellowing werc rclativcly slow. Synenls can- 
taining polyoxypropylenr: (POP) diluent in the resin 
had faster ncady stare rafts than thox  which did not 
have POP. Most formulations containing butyl 
glyadyl c t b r  (BGE) diIucn1 in the resin displayed 
an initial induerion period of bleaching. Yellowing 
curves of formulations containing BGE had not 
progressed. at publication. to a dcdining raw stage. 
Formulations containing BGE and an alkyl phcnyl 
ether (APE] had long lifc expectancies. 

I Triedryleneremmine (TETAj hurdener or o 
vdener miuure of TETA with retraethylencpen- 

mmine (TEPA) and higher polymerir edrylenc 
aminex (Figures 15-3) 
Thac adhesives tcnded to havc good initial colour. 
For rhc most pan. steady smre rates of yeUowing 
werc very fast while dcdining rates w e n  relatively 
slow. A consistent trend in the yellowing bcbaviaur 
of adhesives containing DEP plasticizer did not 
emerge. In general. life expectancies for tih p u p  
cf adhesives were shalt 

4.3 Polyorypropylenr &mine (PO PD) hnrdenrr 
(Figure 9) ' 
Adhesives with this hardener tended to have mod- 
erately good t o  poor initial colour. la ganerol, the 
r a t s  of yellowing wTrc moderately fat and life 
expecllncics wen: short. 

t 

4.4 TrimrdryUlunmerhvlc~c diaminc (TMHMDA) 
hardener [figure 9) 
Formulations containing tbis hardener displayed 
good initid colour. The ntcs  of yellowing wded IO 
bc slow. with the systems containing dkyl dyeidyl 
ether (AGE) diluent in the resin showing slighdy 
faster steady state rates than ones wirh bcmyl- 
dimahylamine (BDMA) adduclcd to h e  hardener. 
Life expcctancics were relatively long. 

4.5 A blend or adducr of polyoxyelhylmc (POEI 
'rh a primnr_v aliphanc pof.vaminr hardener (figure 

. dl 
Adhesives containing this hardener tended to have 
good iniriai colour. In general. the nres of yellowing 
were slow and lifc cxpccranocs werc relatively long. 

4.6 An adducr n f POP d t h  an nliphnnc polyaminc 
hardener {Figure 1 1 1  
Epoxy resins containing this hardener were indined 
to havc good initial .eolour. Rates of yellowing 
tendcd 10 be slow. resulting in long life expcctancics 
for this group of adhesives. 

4.7 A blrnd of POP with an alipharic poiyaminc 
hardmcr (Figure t 1 l 
These adhesives displayed inconskrencies in their 
initial colour. One batch had good initil clarity 
while the other had a poor initial colaur. Both 
batches. however. displayed vcry fat steady slate 
rates of yellowing and very short lifc txpccunacs. 

4.8 Polyurninr-epoxy rain adducrrd hardener 
(Figure 12) 
This group of adhesives tended to have good initial 
coiour. h r e s  of yellowing were generally slow 
except for one formulation (Dcvwn-2-ton) which 
displayed a very fast steady state rate. life expec- 
tancies for this gmup were relatively long. 

4.9 FURY poiymide hardener (Figrrra 13-1 81 
Formulations containing this type of W e a c r  dis- ' 

played poor initid culour. Some of rhtse adhishes 
tended to exhibit long. slow induction periods: how- 
ever, most ncady Jute  n t t s  were vcry fast. 
Although dedining rates were rclarivdy slow, life 
upcctancics for this group werc very sfion. 

4-10 An of p h y l  g!ycidyl ether (PGE) 
with an -amidc h&er (Figure 19) 
Epoxy min adhesives mntnining'this hardener dis- 
played good initial colour. Steady state n t a .  h gen- 
d. were mbderatc IO fast while tife expe~tancics 
m d e d  to be &on. 

4.11 AblmdorodductofPOEwithnpoIymPrm&/ 
cpoq e t  l r o r d c ~  (figure 20) 
This group of adhesives tended to have good initial 
colour. n e  rxtts of yellowing were indined to be 
rnqdcntely slow. Adhesives conmining BGE dihent 
in the resin had slower mrts and longer life expec- 
mdes chat thost adhesives w i ~  no BGE prexm. 

4.12 A blend or addud of POP with dicyandiamide 
hardener Vigure 20) 
?his fonnulanon had good initial colour. Rates of 
yellowing werc slow, yielding a long life cxpcuancy. 

In some uses, two separate batches of the =me 
pmdua were tested 9s new samples w e n  received. 
These are distinguished in the figures and Tablc 2 by 
( I )  and (2) following rhc p d u n  name. Often lifc 
expectancy esirnatcs for the two batches differed. 
even though the bulk of the two produ~ts were 
identified by infrared spcarophotornerry tc:be corn- 
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posed of rhc same polymers. Thcse differences can 
be attributed mainly to trace impunties which were 
nor identified. In addillon. more data. and hence a 
more complete and reliable ~ t l l o w ~ n ~  ~wrvt. were 
available for the first batch. Allhough the numerical 
cstirnatcs of lifetime in these cases diffgr considcr- 
ably. the classification into Fellcis categories of sta- 
bility usually remains the same. 
The majority of epoxy formulations tesrcd fell 

tnro Class C l unsrablc) or Class T (temporary) as 
defined by Fcileis stability cfasszfication (Table 2) .  
Epoweld 3761. Aralditc A Y  103iHY956. Ablrbond 
342-1 and fra-Cast 3011 were the most stablc 
adhesives rested. although they posscsscd only an 
intermediate level of stability against the first onscl 
of visible discoloration. Ranking next in order of 
stability. but ciassified as unstable. wcre adhesives 
GAC 88 x 1250. Epo-Tek 301-2. Epoxyglass and 
Hysol TE61751HD3561. The stability. classification 
was determined for lhin films of @lmm thickness. 
Thicker films would appear ycilower and havc shor- 
ter iifc cxpcmncics while thinner. clearer films 
wodd havc longer life cxprcrancits. However. the 
order of stkction of the epoxies given in Table 2 
remains the same irrtspectivc of film thickness. 

The resuits of namtal dark aging show that the 
thermal component of yellowing of r w m  tempera- 
ture cure tpoxy resin adhesives is a nan-linear func- 
don of time. Yellowing curves are characrerkcd by 
two or three distinct rats smgcs. Since these stages 
o m r  a1 different times depending on the epoxy. it is 
imponant to monitor the yeHowing of rhue pro- 
ducts until the finat stage is cvi&nt or undl the 
degree of yellowing becomes unacceptable. 

Correlation of the compxition of the epoxy for- 
mulations with natural dark aging resulrs was done 
so that predicrions of stability of lrntcsred products 
could be made. Based on an average ranking of pro- 

. ducrs with a common hardener. the slowat rates of 
yeflowing and longest life expectancies wem demon- 
strated by compositions witb a DGEBA resin and 
hardenen of rhc following types: an uidm of POP 
wirh an diphatic poiyaminc. blends or  adduus of 
POP with diqandiamide. modified amins 
trirntthylhcxamechylene diaminc. blends o r  adduca 
of POE with ;r primaw aliphatic polyaminc and a 
poiyaminc-epoxy re in  adducr. Formulations con- 
taining fatty polyarnides are inadequate for c o w r -  
vation purposu because of their poor initial cotour 
and fast ntts of yellowing. 

Although the majoriry of products tested PO- 
sed = unacccpfablc level of stability as films of 
O.lmm. Epowcld 3672. Addice  ~Y103HY956. 
Ablebond 3J2-1 and Tra-Cast 3012 wcre identified 

with an intermediate level of stability sparnst yellow 
ing under natural dark aging. 

The author wishes to thank Ravmond H. Lafon- 
taint. Chief of Environment and Dctcnoranon 
Research. for his expert guidance and adv~ce during 
the course of the project. Also many thanks to 
Elizabeth .Moffatt and Scott Williams of Analyrrcal 
Research Services for carrying out the analyses of 
the epoxy formularions. A special thanks is cxpres- 
~d to all the companies who submitted samples fur 
inciusion in the study. 
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THE CONSERVATION OF STAINED GLAS 

Peter Gibson 

Abstract 
A summary of conservation procedures is followed by a 
description of the conservation of the fire damaged Rase 
Window of York Minster after the fire of 9th July 1984. 

The need for conservation 

The actualfactors that determine whether or not a stained 
glass window requires conservation include the condition 
of the lea$, the deterioration of the gi& and often the 
condition of the f e m e n t a ,  the iron window bars used to 
support painted glass panels. The leading may be buck- 
led or broken, particularly along the soldered joints, and 
partially corroded on the interior. The glass itself may be 
dull, pitted or crusted, and show evidence of mass growth 
or algae. The painled IIne-work may be loose, or there 
may be missing areas. Previous conservatlon work such 
as overpainting or misorderlng of the design must be 
noted The condition of the ferramenta may be good, or 
may be broken or rusted, the rusted parts affecting 
surrounding stonework due to vobme increase during 
corrosion. This paper will concentrate on the conserva-. 
tion of stalned glass as carried out by the York Glaziers 
Trust. Space does not parmit a full discussion of re- 
leading techniques and the refixing of panels in situ. 

Photography in situ 

Any stained glass which is to undergo conservation, 
whatever its date, should always be photographed insilu 
by the conservator before any workis undertaken.. Black 
and whhe prints, colour prints and colour transparencies 
should be taken oi the whole window and of individual 
panels. Any special corrosion or damage should be taken 
in close-up. Not only the glass should be photographed 
but also the surrounding stonework and mulBons if they 
arealso in need of attention. Ideally the inspection of the 
glass by the conservator should take place with both the 
custodlanlowner of the glass and the architect respon- 
sible for the fabric of the building present. 

Pre-conservation report 

Tbe report by the conservator should include comments 
on the condition of the lead and of the glass, and condition 
of the stonework In relation to ariy problem associated 
with the removal ofthe glass. Wemizedestimatedcostmgs 
for all aspects of the work to be carried out should be 
included The report should also state the likelytirnetable 
for the conservation work 

A decision must be made as to whether the restoration 
work can be carried out in siru or whether the window 
must be removed. In sifu conservation work will require 
ladders, portable scaffolding or speciaIist scaffolding. 

Removal of a stained glass window 

When the stained glass is removed from its location it is 
desirable that the architect responsibIe for the fabric of 
the building be present This enables the architect tosee 
the condition of th0 stonework and to assess whether or 
not there is any need for remedial workto be carried out 
on the stonework It Is first necessaryto ensure that none 
of the glass is so  loose in its leading that it might fall out. 
If'it is loose temporary reversible support must be pro- 
vided. FabIon is usedforthis purpose. It is atransparent, 
protective, auto-adhesive covering which is affixed to the 
external surface of the glass, and not to the Internal 
painted surface. In the case of a single crack, Scotch 
masking tapc may be used on the unpainted surface. . 

A plan of the window, with measuremants and num- 
bering of the individual panels, should be made and the 
numbers scratched onto the appropriate part of the 
leading. (The Corpus Vitraarurn system forthe number- 
ing of panels .may be used, or the conservator's own 
system of numbering). There are various ways of fixing 
windows into stonework and therefore the r i n g  method 
must be identified in order to remove the windowwith the 
least risk of damage to the window or to the surrounding 
stonework As the glass is freed of surrounding mortar 
templates can be taken of any shaped stonework and 
tmcary, before proceeding to the removal of the panels'. 
A temporary filling will have been agreed upon for the 
window space and the templates will ensure that the 
replacement windowis acorrect ffi. Templateswill also be 
of use in the workshop, during repair work 

Once the glass is safely removed to the Conservation 
Workshop it shouid be examined on an illuminated glass 
table. If photographs are avajlable from a previous in- 
spection or restoratlon nots should be made of any 
differences in weathering. Any lead or copperties should 
be unsoldered so  that they do not damage an adjacent 
panel during storage. Areas of loose paint should be 
noted, and dust removed with a soft brush. The panel 
should be photographed once again before any work Is 
undertaken. 

Astained glass conservator should have access to an 
art historian who can be consuttad about any problems 
relatingtothe Iconography ofthe paneland helshe should 
have the opportun'ky to inspect the panel before it is 
dismantled. Before the panel is dismantled a tracing 
(calleda 'rubbing') istaken ofthe lead outline of the panel. 
This is carried out by placing over the panel whke detail 
paper and rubbing through the paper with brown or black 
cobbler's heel ball h order to mark the position of every 
lead in the panel The exact shape of each piece of glass 
will be recorded on the rubbing, which is then Iaid on a 
wooden bench and covered with a sheet of glass larger 
than the panel; 3mm thick glass for smaller panels but 
fimmforlarger. The dismantling of the panel b carried out 
by cutting the lead cames and soldered joints with a sharp 
knife and then extracting the individual pieces of glass 
and placing them on their appropriate positions on the 
rubbing. Great care must be exercised in the dismantling 



operation to prevent damage or cracking of the glass. If 
medieval lead is encountered it should be preserved. 

Cleaning procedures 

Loose paintwork can be reattached before cleaning is 
carried out. The York Glariers. Trust prefers not to 
intervene at the original paint layer, but protects detsrio- 
ratlng paintworkby the plating procass described below. 
Water is usually regarded a s  a safe method of cleaning, 
but it is potantially damaging if any paintwork is weak. A 
weaksolution of Synperontc non-ionic detergent in water 
has been recommended =.The York G l d e r s  Trust use 
three main cleaning methods for glass: 

The ultra-sonic bath 

This method Invohes the use of an ultra-sonic generator 
and a small tank In which there is a'dilute solution of 
ammonium hydroxide. (5 parts waterto I part ammonium 
hydroxide). Twenty or thirty pieces of glass can be 
treated at a time. Scientific tests ' under the guidance 
of Professor R G Newton, former Honorary Scientific 
Advlsor to the Trust and also a Trustee, indicated that a 
three minute immersion period was acceptable provided 
the painted details of the glass were stable. However, 
enamelled glass should not be cleaned in the ultra-sonic 
bath. 

Glass fibre brushes 

If the painted detail on the surface of the glass is not . 
secure then the glass should ,be cleaned manually with 
hand-held glass fibre brushes, using a binocular mfcro- 
scope in orderto avoid damage to the glass. G l s s  fibre 
brushes are effective in ramoving hard weathering crusts 
in a small area at a time. This method is more time 
consuming and must be taken into account in the esti- 
mated castings. 

If the giass b so pitted and corrodedthat it willnot respond 
to either the ultra-sonic deaning or cleaning with glass 
fibre bnrshes then the Trust feel justined in recommend- 
ing to the client, as a last resort, the use of the airbrasive 
equipment. There are, however, critics of this very drastic 
method of cleaning medieval glass and the permission of 
the cfient and any other bodies concerned should be 
obtained, A variety of abrasives ranging from very hard 
silicon carbide to very soft sodium bicarbonate can be 
used Painted details on the glass may be protected by a 
covering of latex to ensure that no damage b caused to 
the paint. It is emphasised that the Trust only use this 
method of cleaning 3 no othertype of cleaning has proved 
effective. 

ChemlcaI cleaning methods 

Chemicalcleaning methodssuch asthe use of ethylenedia- 
minetetracetic acid (EDTA) must be carefully monitored 
and the process arrested as soon as the last traces of 
weathering crust have been removed. The solution be- 
comes more alkaline as the cleaningprocaedsand this is 

damaging to the glass. Calgon apd other sequestrants 
should not be used, as they will remove Ions from the 
glass. The use oi strong alkaiii (and to a lesser extent 
acids) will affect the silica lattlce. 

Reglazing procedures 

Ohce the glass has been cleaned and if any movement 
or alteration to the positioning of the individual pieces of 
glass is proposed then art historical advice must be 
sought by the conservator. A decislon must be made as 
to whether to conserve the window in its present form or 
to restore R In the spirit of the original style. The latter 
choice may involve the painting of missing areas either 
directly onto the medievai glass or onto a backing plate 
and advice and permission for such restoration workmust 
be sought The re-assembly of the glass and the glazing 
takes place In the Trust workshop on perspex-topped 
benches that are piercad with holes to accommodate the 
g=ng n d s  that are required to keep the glazing secure 
on the bench. 

When carrying out conse~ationworkon York Minster 
glass where individual pieces of original gtass'are missing 
the Trust have access to a 'bank? of medieval and later 
glass. This consists of about 7,000 individual pieces of 
glass that have been removed from misplaced positions 
in York Minster windows over a pehod of many years. If 
no suitable piece of glass can be found in the bank then 
nineteenth century or modem replacement glass Is used. 

Repair of broken glass 

Broken pieces of glass are edge-joined with a silicone 
mastic adhesive, Dow Corning Silicone Sealant, which, 
after appfication to the edges of the cracked glass and 
with sufficient time allowed for curing. has the important . 
advantage of rsmainingflexiile for a considerable period 
of tima. Thejoined pieces are then plated, a process 
which involves the sandwiching of the repaired glass , 

between two pieces of identicaliy shaped clear float glass 
of 3-4mm thicknsss, and the treble thickness is then 
sealed at the edge with a mastic strip or siIicone rubber 
and held in an extra-wide lead. Re-leading is then carried 
otrt .. 
Waterproofing 

A panel regiazed with ancient glass is made waterproof . 

by rnanualiy inserting a buty1 rnastic between the flange - 
of the lead came and the restored glass. A butyl rubber 
sealing strip such as Scotchseal 5313 (3M) may also be ' 
used.Thastrip wllstickto both the glass andthe leadand 
absorb any movement between them, remaining f l e ~ l e  
for a considerable number oi years. 

Protection from weathering agents 

Various methods have been used and are being used ior 
the protectjan of mediaval and also Iater glassg. They 
include the use of plate glass, perspex or polycarbonate 
and wire guards, none of which are totally desirable, 
although they all provide a degree of protection. Edema! 



gluing which mirrors the laadwork pattarn of the stained 
glass may be carried out, and has been used at Y ork and 
Canterbury. Isothermal protective glazing has been used 
on :he Continent for many years, and in recent times has 
been introduced in EngIish churcnes, for exzrnple, .at 
Fairford and Gloucaster. Aesthetic, scientific 2nd practi- 
cal considerations should be taken into account when 
installing protective glazing10. 

Conservation records 

Once the panel has been completed 2nd made watar- 
proof then consemtion records we taken of giass r e  
stored by the Trust. This en td s  the recording oi both 
written and photogwphic detaii. The Fioyzl Cornmission 
on Historical Monuments (England) have the oppcrtunity 
to take photographs oi glass restored by the Trust both 
fortheir own records andthe National: Monuments Fiecords 
Office. Conservztion records are also a raquirement by 
the Council for tha Care of Churches and 2 proportion of 
my grant moneywhich enabledthe workto be nrriad out 
is not paid to the canservator until the submission of 
completed consarvation records. If the restored glass 
has atirrcted the interest of art-historians linked with 
Corpus Virasrum then, provided it meets with the q- 
provzl of the client, thay also hzve the opportunity to 
photog~ph and record the glzss. 

Conclusion 

No stzined glass conservztor should fael isolzted when 
undertaking any c=nse=tIon prcjeL Tners is suiiicient 
ut historicJ, techniczl and seIentiiic expertise z~uiac le  
fcr sound aavica to be obtained on any ~roblern esscci- 
atedwith t h e m e  of Seined o Iz~s~~ .Tne  m+ncmsiderz- 
tion should always be the prasa~ation of the glass and 
the aim snould be to ensure that the,rnagniiicsnt treas- 
ures oi mealeval glass that are our inheritance in the 
twentieth csntury can be enjoyed by countless future 
generztions. 

case study: The conservation of the fire damaged 
Rose Wlndow of York Minster 

The c:~nservation of the fire danaged iiose Window of 
Ycrk Minstsr presented the York Glzziers Trus: with an 
unprecsdented challenge to restore h e  mufti-cacked 
glass to its iormer beauty.Th.9 sixteenth century glass 
painted by Fiemish cd ts rnen  ws cracked into 40,000 
pieces in the Minster fire of Sth July 1986. Tine three 
weeks immediate j following the fire were cacid be- 
muse as the g l w  cooled added tensions were set up in 
the glass and more cracking occurred. Temporay snf -  
folding was ereced amenst the window, which w s  
sxamined sk times per day for three weeks. Fiegulu 
examination ensured that as glss became lccsa and 
detached frcrn the laad carnes it could be ~entfy a a e a  
b z k  into the lead. 

Temporary support 

Cnca :he mu'n scsEci l in~ nac been 5rec:ec ir.rsrzdly .. - 
znc =~ernaify i w z s  ==s9i'cle fc: a ::znsczrrx: zcr,sswe 

Fig. I The damaged Sooth T m s a p t  of York Minster aitsr 
rhe fire of 9 July 1984. T i e  early 16th century 
stainedgiassof the Ficse Windowsurvived the fire 
although cracked info 40,000 piecss. 

covering to be put on the extarnal surfaca of the rnuhi- 
cracked glass. The materid used was Fzblon, which wzs 
appiied by gently pressing into position. Tne purpose oi 
this was to prevent piecs of g l x s  becoming detached 
during the locseoing o i  the mor,ucement, which causad 
vi~ratian of the p n e l  a d d s o  of the rnukicracked glxs. 
All the seventy-three panels wera removed from the 
window and were sdaly sorsd in the Tms Workshcp. 

Repair of the glass and choice af adheslve 

Norm4 cansensation prccadure by the Trustwhen repu'r- 
ing cracked glzss is to edge-join the broken piecss 
tosether using asiiicane achesive. To g i n  ac=as to the* 
edges of the g ix s  the pmels ars aismultled. However, 
the mu8iz:acked connition oi the Rose Window m e a t  
that the c:zcked gizss had to be repaired beiore the 
pmels were dismantled ior releaoing. 

Twenty pieces oig1zs.s cf dzerent c lours  zndvzrious 
degrees oi c~ck ing  were extracted from the danaged 
panels. Thesa samples were examined by Dr Norman 
f ennent, zt that time Chiei C o n s a d o n  Scientist at the 
Glasgow Museum znd Art Gallery and Proiessor R G 
Newton, Honorary Scientiiic Adviiser to the Trust, so:hat 
a suitable adhesive could be selected. The main prcper- 
ti- that are required in an adheshe for sained are: 
a. good ageing prooenies; 
b. low suriace tension; 
c. a refractive index to m=tch that of the glusn . 
Ablebond3421, alowvisc=sityttwc-part epoxy resin, was 
selected 

Conservation procedures 

The fire damaged pmels were firs: photographed a d  
then a mbblng ci the lend $=des w2.s made beiore - 
cieanins ci  the iiro-s;ziced '12~s. noncvai ci the firs- ..?. . 
stinins = r , ~ e d  exc.:?mgiy 2 ~ ; ; : t ' ~ h  201 2 V e ~ i  niic ==n- 



Fig. 2 A fb-cracked section of the Rose Window. 

mercial detergent had to be used This was appIied with 
soft cloths and was removed with Industrial methylated 
spirits. 

The Ablebond 3421 two-part epoxy resin wasweighed 
to exact proportions on a scientific balance and then 
injected into the cracks and f ~ u r e s  by means of a 
pipette. Capillary action ensured a speedy penetration of 
adhesive into the cracks within minutes, foUowing which 
any surplus adhesive was cleanedfrorn the surface of the 
glass with acetone. The panels then stood undisturbed 
for one week to allow the adhesive to cure. They were 
then dismantled, the pieces of muhicracked glass which 
formed the mdnpart now being heid securely together. 
Each repaired piece of glass was placed in its appropriate 
position on the rubbing. Dichloromethane was used to 
remove excass cured resin and then the Fablon on the 
external surface of the glass was removed and the 
surface of the glass cleaned using acetone. 

Plating 

The multi-cracked glass was then plated, using 3-4 mrn 
clear float glass, and silicone adhesive was used to cover 
the edges of the treble thickness of glass. Any piecas of 
ancient glass that had two or three cracks only were 
secured together with adhesive arid protected externally. 
with a single pisca of clear glass, and edge sealed with 

Duringthe re-leading of the panels the treble thickness of 
glass was accommodated in the leadcarnes by using lead 
of an Increased depth and the re-glazing of the panels 
took place on illuminated perspex benches. 

R+lnsertlon of the repaired giass 

By March 7987the workwascompleted.The panels were 
mottar pointed in position and the external scaffolding 
dismantled This splendid Tudor glass now shines in its 
restored glory high in the gable of the South Transept, a 
lasting tribute ta the work of the Flemish glass painters 
whocreated the window centuries ago and atastimany to 
the conservation sMlls of the twentieth century. 

Health and Safety 
. - 
When using equipment or chemicals mentioned .in this 
paper COSHH regulations should be followed. Particular 
note should be made of the following materials: 

Ablebond 342.1: Uncured epoxy resins can muse irrita- . 
tion or sensitization due to contamination of the skin or 
eyes by the Iiquld or solid uncured material or by exposure 
to 'a vapour or d u s t  Toxic effects can occur through 
ingestion or absorption through the skin. Respiratory 
irritation can be caused by dust fromthe machining of fully 
cured 'material. 

- 

Do not allow uncured epoxy material to come into 
contact with the eyes or skin, and wear gloves, overalls 
and eye protection, and nose and mouth protection when 
there is risk of dust  Cover any skin abrasionsto eliminate 
the possibnity of accidental contact with the material. 

Acetone, Industrial methylated spirits: Avoid sources of 
Ignition and moderate skin contact 

silicone adhesive. Anv damaged modsm g l m  that was . . -  - ?  

inserted during the pr&lous fg68 - 1970 restoration was 
not repaired but simply replaced with modern glass. 

fig. 3. Rose Windowpanski before and after 
conservation. 



Airbrasive equipment: Some abrasive powders may 
contain free silica or other potentidly hazardous ingredi- 
ents. Gloves and the appropriate mask should be worn 
when- filling the mixing chamber. 

mmonium hydroxide: Strong solutions of ammonia are 
~austic. They liberate pungent toxic ammonia gas and 
inhalation must be avoided. Work in a fume cupboard or 
wear appropriate proteciive equipment 

Dichloromethana: Bums and degreases skin on contact, 
and can cause eye damage. Work in a fume cupboard 
wearing rubber (nitrile) gloves. 

Ethylenediaminetetracetic acid (EDTA): May be harmful 
by ingestion, Inhalation or skin absorption. Wear gloves, 
goggles and a respirator, or work in a fume cupboard. 

Glass fibre brushes: Glwes and a dust mask should be 
worn and waste material disposed of in a container. 
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GLASS RECONSTRUCTlON MATERIALS AND TECHNIQUES 

Colin Brain 

Abstract 
This paper discusses the selection of adhesives and fill 
materials for glass reconstrucffon, Including the use of 
density a s . a  means of infemng refractive index, arid 
techniques for using these materials to replace missing 
portions of transparent vessel glasses. The results 
achieved are dscussed and priorities for Impiovernent 
suggested. 

The transparency and brittleness of glass have made it 
highlyvaluedihroughtheages. In IS86 in hblDescription 
of England' Harrison wrote: 'lt is a world to see in these 
our daiss, wherin gold and siher mast aboundeth, how 
that our gentme as loathing thme mettals (because of 
the pl~ntie) do now gsnerallls choose rather the Venice 
glasses ...l However it is just these valued qualities which 
cause the special problems associatedwithglass conser- 
vation and demand the kind of materials and techniques 
outlined here. The study of giass, its archaeology, its 
history and its cgnservation seams imprecise compared 
with ceramics and consequently approaches to glass 
conservation appear individualistic and dependent on the 
background and trainlng of the conservator. The paper 
has been divided into two parts, rnatarials and tach- 
niques, even though the two ere interdependent. 

Materials 

There are three characteristics of finishad materials 
which are of prime importance in glass conservation; 

Re+ract ive index var iat i o n  

these are all related to the influence Ule material: has an 
nght. These characteristics are; refractive index (U1) I 
which influences the refractton of light, colour and clarity i 
which alter llght transmission, and surface finish which ; 
affects the reflection of light. The latter is mainiy tech- i 
nique dependent and will be touched on later. The 
1mporiance of RI matching, partlcularty with adhesives, 
has been amply demonstrated in the past, e.g. by Nor- 
man Tennant and Joyce Townsendt. The main problem 
facing the cdnservator with llmked equipment is the 
determination of the R1 of the glass to be repaired. A 
technique whlch can be adopted uses the relationships 
between the dens@ of typical glasses and their R1 which 
can be derived from standard reference sourcesa. This 
technique wasthe subject of ashort note in Conservation 
News4and it hassince been found that this approach has 
a long pedigrees. Fig I shows graphs of the variation of 
RI with density for fnnt (lead) and crown glasses (for a 
simple technique of determining density see appendix 1). 
From this it can be seen that there is a good correlation 
forflint glass, which Is notsurprising inviewofthe fact that 
both the .RI and h a  density depend on the lead content J ' 

of the glass. The figure also shows a range of adhesives 
used in glass conservation and it can be seen that these 
allow a fair match across much of the range. The corre- 
lation for crown glasses is not a s  good, whlch is onIy to be 
expected given the more diverse range of glass cornpo- 
sitions. 

RI matching obtained usingthistechnIqua has proved 
excellent, but it Is Ironic that the best example of its 
effectiveness was in one case when itwas not used This 
was a repair of abroken knop in the stem of a wine giass.' 
The fractures were such that the only way it could be 

w i t h  deruitu 

b >  Crown glasses 
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Fig.2 17th century decanter jug requiring restaration. 

repaired was by using a W-curing adhesive, holdng the 
J" pieces in place manualiy duringthe short cure. That being 

the case, no attempt was made to match the R1. When 
the rapair was complete, it proved virtually invisible. 
Sincethe match wasso good, the densityof the glass was 
measured and this coincidedalmost exactly on the graph 
with the reported RI far the adhesive used, ~actite' 
Glassbond. In mest cases it should be fairfy obvious 
whather a glass balongs to the flint or crown glass 
category, but in cases of doubt Its fluorescence under 
uttra-vfolet light should be conclusive; fPnt glass flu* 

r resces blue, whilst non-flint glass usually shows yellow. 
When using Wlight in thii way, UVeye protection should 
be used to prevent any risk of eye damage. 

The next aspect is that of adhesive and flff ng material 
colourchangas due to ageing. There have been a number 
of papers covering this point, but these. have usually 
employed artiiicial ageing techniques in order to achieve 
in weeks what would normally take years. These pub- 
IIshed studies did not cover exactty h e  same materials 
and techniques used by the author and this led to a 
concern asto the representativeness of such techniques. 
Consequentbj in January 1987 it was decided to under- 
takes naturalageing test inthe workshop. The procedure 
used was simple: m s n g  a Tile excess materia curing 
'thk In the pot; cutting the resuitant dfsc in haft; labelling 
the hakes and putting one hall in a boxin a drawerto dark 
age, and the other between the panes of a south-facing 
double-glazed window. In crderto record the progress ~ f .  
the agehg, colour photographs of the sample pairs were 
taken at intervals, including a stable colour reference in 
the picture. Although the procedure lacks sophistication, 
it is easy and effective and will be continued as a routine 
qualitycontrolcheckThe materialstestedand the results 
achieved by thii technique were reported in an earfier 
note8. 

F1g.3 Restored decanter stopper. 

Techniques 

The techniques which will be briefly c~vered  are those 
'usedta replace missingportions of bowls oriest of vessel 
glasses. Before starting this kind of work it is necessary 
to consider whether the value of doing the work out- 
weighs the cost of doing it. This is not easy since 'value' 
must be considered in a broad context and cost must 
include the effect on the glass of any irreversible actions, 
In addition to thecost of the conservator'swork The latter 
may be simpiy the time, matsrials, etc., invoked, or it may 
be a matter of a iost opportunity to undertake other 
conservation work. When considering the value of a 
particular course of action it must be remembered that a 
glass, say a seventeenth centurj Engkh wine glass, 
needs to be considered in three different historicaj con- 
texts. The Industrial archaeologist considers it as a 
product of the seventeenth century glass industry in 
England, the social historian sees  It as part of the 
development of drinking utensils in seventeenth century 
England, andthe art historian seesit a s  an example of the 
appfled arts of that period The conservator idso needs 
to consider whether the work can be undertaken to the 
required standard and whethet the original form of the 

' 

vessel being reconstructed can be estabr~hed with con- 
fidence. There is an unlortunaie paradox hare; often a - 
piece forwhich reconstruction is most desirable is one for 
which the original shape is least certain. For example, 8 
there are ten complete examples which are similar to a 
vessel being reconstructed, there should be Mle douM 
over its original form, but correspondingty how much 
value is there in providing another apparentv complete 
example? Conversely if no comparable piecesare known, 
there may be some doubt concerning the original form, 
b~rt an insxact reconstnrction might still be of consider- 
able value. Thus there is a need for either considerable 
background knowledge, or expert advice in deciding the 
best course of adion. Unfoqunatefy in the case of glass 
this knowledgeor advice is not always easyto obtain. The 
author has found it necessary to build up a data base of 



information on English seventeenth century drinkjng 
glass from excavated material and published references; 
approximately a thousand of these glasses have been . 

catalogued, providing a valuable referenca source. 

As discussed earlier, one of the key issues with filling - Is surface finish. The use of dental wax, to fprm a mould 
round a missing section, is an efiective technique which 
will be familiarto many readers, but whBst it is invaluable 
in some' applications it is incapable of achieving surface 
finishes of a quality comparable to  many glasses. Thls 
can then lead to the use of abrasives in an attempt to 
rectify the situation and these can cause serious damage 
to the glass. Another aspect of this technique Is that it is 
difficutt to make a second attempt 3 the colour match is 
not Ideal. An ahematbe technique is to make a replace- 
ment segment for a bowl by casting a clear or coloured 
resin sheet of the correct thickness on a-polished flat 
glass surface, allowing this to partially cure, trimming it 
roughly to shape, wrapping thb around a core turned to 
fit the internal bowl profife, and completing the cure in this 
position. The core can be made of any convenient 
material, for example wood or plaster-of-Paris. The proc- 
ess of fitting the edges of the new segments, to the old is 
then tedious, but this is helped by marking the cut line on 
the core. If this technique is used where all of the bowl rim 
ismissing, it leaves aproblem join up oneside of the bowl. 
In this case a better method Is to make the sagment by 
casting resin onto a core which is the shape of the inside 
of the bowl, and then machining the outside of the resin 
bowl to the correct profile. A good external finish can be 
achieved in this way. 

The success of this technique is partiy dependant on 
the release agents used. Waxand poMytetrafluoroethane 
(PTFE) release agents have been used with limitsd. 
success, but none has proved totally satisfactory. 

When the whole of a bowl rim of a vessal is missing, 
there is obviously some doubt as to the original size of the 
bowl There are a number of clues which m n  be used to 
estimate thlssiza. One of these isthe ratio of the bowl rim 
diameter to the foot rim diameter, since this is often fairly 
constantacross a range of glasses. Anotherpointer lsthe 
taper of the bowl wall thickness. If this bfairly linearit will 
give a maximum height where the rirn thickness would 
taper to zero ( assuming the taper is towards the rim, 
which is not aiways the case). Often bowl capacities fall 
into cartain groups, depending on the use for which they 
were designed, and this may be helpful. Finally the 
fracture dynamics of bowls often follow set patterns, 

. provided the glass is reasonably homogeneous, and this 
may also be used to inferthe position of the rim Where 
these different clues give simflarestimates of rirn position, 
this may be used with some confidencs, but whew the 
estimates conflict there is a need to carefully reconsider 
the ethical questions taised earlier. 

Plaster-of-Paris has been used to form rnouids of 
more compIex shapes, such as the foot of a glass. Care 
must be taken not to constrain the material on drying, 
since thk can cause stresses due to expansion. In order 
to do this awax release agent is appfied to the intact part 
of tha foot, opposite to the area lo be filled (since glass 
vessal feet are often elliptical rather than round) and the 
foot is placed on waxed paper. Plaster-af-Paris Is then 
applied to the top surface of the foot. When this is dry, the 
foot plus mould is peeled off the paper andlhe part of the 
mould which was in contact with tha paper is sealed with 

a cellulose sealant and treated with wax release agent. 
The foot is then Inverted, and plaster-of-Paris applied to 

. form the olher hatf of the mould. When both halves have 
been removedfromthe foot, they ara sealed, treated with 
a wax release agent and rejoined to form a mouIding 
cavity. Silicone rubber is used by many restorers in 
preference to plastar-of-Paris, particularly for complex 
shapes. The most difficult task of this type is to replace 
part of a non-symmetrical vessel; adequate means of 
'dealing with this which will produce the desirable quality 
of surface finish are lacking. 

Conclusion 

This paper has briefly covered some aspects of material 
selection andsome of tha techniques used for employing 
these materials to teplace missing portions of vessel 
glasses. These techniques work wall in some cases, but 
in othars, such as the non-symmetrical case mentioned, 
they are not Ideal and there is still a long way to go before 
therecan be anysense of complacency in thisfield. Of the 
many aspects requiring further study, two in particular 
may be singled out. The first is the question of how close 
amatch it is worth seeMng between the refractive indices 
of the glass and adhesive and the second is how an 
accurate colour match for both reflected and transmitted 
light can be reliably achieved? 

References 

Hartshorne,A, Old English DrlnWng Glasses, 
Edward Arnold (1 897) p.164. 
Tennant,N,'and Townsend,J, The importance of the 
refractive index of adhesives used in the conservation 
of glass, Adhesivesand Consolldants, IIC Confer- 
ence, Paris (1984) pp205-12 ' 

3 Kaye,GWC, &Laby,TH, Tables of Physlcal & ChemI- 
cal Constants, Longmans (1 957) p.81. 

4 Brain, C and S, Estimating the refractive index of 
glass, Conser~atlon News 35 (March 1988) p.21 

5 Newton,R, & Davkon,S, Conservatlon of Glass, 
Butterworth (1988) p.15. 

6 Brain, C and S, letter in Conservatlon News39 (Juiy 
1989) p36. . . 

Appendix 1 ... 
Procedure for the determination of gIass density 
1. Weigh fragment of glass and record weight (W, 

grams)- 
2. Repeat (1) with the fragment suspended on a thread 

and cornplete~ immersed in water (W.). 
3. The weight of water displaced bythe fragment is then 

W. minus Ww. 
4. The vo1ume of fragment (V) is then (We - WJ diwided 

by the density of water p @ is approximateb 1 gram 
per cubic centlmetre for water). 

5. If the fragment contains an air bubbIe, the volume (V) 
should be corrected by subtracting the approximate 
volume of the bubble (in cubic centimetres). 

6. The density ofthe glass is then Wa divided by V (gml 
=I. 

Note. Thls procedure must be rnocGSed If a pan bdance Is us& 
Instead of step2,weighacon@nerfull ofweler on the pan and than 
note the increase in thIs weight when the fragment ls suspended 
6n a thread in tfin watsr. This Increase is the weight of w&r 
displaced by h e  fragment which Is required for stsp 3. 





Glass Deterioration . .. in the Museum 

JASON RYAX. D.4VID McPHAL. PHILIP ROGERS & PICTORIA OXKLEY 

A common eiemenr in everydq l$e, glass is not normally associated with 
corrosion, brrrfor older pieces it is a serious problem 

lass is -usualIy thought of as a hard. brittle. transparent 
terid that h a  excellenr resistance to c h e m i d  and 

environmentni auack. Thii is cerrainly m e  of many G 
modem slass cnmposirions. hence its widespread use in the 
building, container and telecommunicaums industries. 
although even the surface of modem glass is altered to some 
exrenr by the environment However, it is only during h e  past 
50 y e m  or  so we hnve come co gain some clear scientific 
understanding of the n m r e  of _elms: a mnterid rhv has been 
made and used by rnm for some 5000 years. Withour h e  
advantage of our current scient3c undersrancbg. the dun- 
biliry of mcient and medieval $ass was m i y  opdmised in the 
rigorous way that it is today. 

The main factors affecting the smbilicy of an individual dass  

Fig I Szr.ere!y cnr-ied 17iir rfnrrt? iineriun \vrne?iuss 

:91( ,=lcm~srr\' b !naur ;~  r. : :r ."; 

object ye 'the original composition of the glass and the 
humidity m d  ternpenwe of the environment. Like modem 
window and container glass. cnrly glass consists of silica 
together w i h  subsrimrial amounts of alkaIi oxides, such as soda 
and potash. and dkalie e m h  oxides. such as lime and mae- 

- - . . . - - 
nesia The alkali oxides effectively break ur, the s m n d v  bani- 

- 3  

ed silica network therebv reduci: rhe siiica's melting point. 
while the alkali canh oxides srabiliss the elm and mcreaqe I L ~  

into contact w ~ h  an aqueous soiuuon. chern id  &d physical 
changes take place zr Ihe suriace which can lead to the dererio- 
mion of the glass. Wish glass compositions that are panicular: 
ly susceptibIe to decay, h e  presence of atmospheric moisrure is 
-often enough to cause the onset of dererionrion. 

The mechanisms by which !lass deceriontes are complex. In 
h e  early s u e s  of denv. an ion-exchange reaction occurs - - 
between hydnted from warer mol~ccnles in the atmo- 
sphere and alkali ions from the near surface re lons  or the 
(1135s. As alknlt ions are reulaced bv hvdnted orotons tn the . . 
~Es surtsce. m lncrevinely alknlidcficicnr. hidnred surfacl 
Layer is crearea 

The replacement of aIkaIi ions with smaller hydrogen ions 
results in the suri3ce being placed under tensile srress. Tnis 
sms is resrnined by the bulk o i  the glass object and can lezd 
to the initiation of micro-cracks 'virhin rhe near surface Lver. 
Such c n c h  uiopagare under rhe inrluence of an aoulied stress 
as a iuncnon o i  relative humidity. Subsequent dehydnrion of 
the object can cause rurrher shrinkage of the alrered laver. 
a u s i n a  cncks to ouen UD ;md in rxlreme cases. flakes of glass 

4 & .  - 
to spail away rrom rhe surrace. 11 rhe alkaline corrosion prod- 
ucts are nor removed from the mriace of the dxs rhev can 
iornbine ~ l r h  warer torminp a strondv alkaline leachinz solu- 
tion. ulrimarely enabling dissolurion oi the silica matrix. 

A 1-e amount oi work concerning the dunbiiiry of plms 
has been undertaken worldwide. although mainly .concerned 
with h e  accelerated ageing of modem glass under labontory 
conditions. These tesrs usually invohe grinding the sample 
inro. a powder in order to increase its rencuviry and therefore 
30 not always zive a complete picnrre of the cornpIelr process- 
a occurring ar the surface and in rhe leached surface layers. 
The dluabilicv of nlass is deoendenr on manv variables includ- 
ing rhe eriectlve surrace m a  or the glass. the volume and pH 
n i  the leacninn solution. the ions ut-esenr in the corrosive - - -- - - . . . . . -. - - - - - - - - . ~~ - ~ - -  ... . - -  - 
~ O ~ U U O ~ S  and [heir concenmuons. md t i e  humidlrv 2nd .-. 

!cmperature or [he tnvlrnnment. 1 ne inremependency of rhese 
panmeters and [he fact h a t  a number of rhem will change dur- 
ing an experiment xi the glass Is constmdy modified by its 
:ezction producr$ must ~ l s o  b* :"widered.: hIuch the samz 
thing occlrn juring !nr meitins o i  :!ass. s [he inicnction oi  



raw mamais  produces constanriy 
changing products that consequently 
modify the nature of the melt 

It  is evident that the problem. even 
with modem dass. is extremely com- 
plex. and any airempt to isolare and 
study any one q e c t  of $ass corrosion 
in derail will require well considered 
and desiged experimental techniques. 
However. considering h e  nature of 
mcienr ]ass. with irs complex compo- 
sition and varied thermal and environ- 
mental history. the problem takes on an 
added dimension. 

Glassmakers and investigaarors have 
long ncognised the inherent instability 
of glasses. hdeed. it is reasonable to 
assume that the desire to overcome the 
problem of instabiIity was an impor- 
tant driving force behind the evolution 
of $ass as a decorative and functional 
material, in turn inducing a greater 
understanding of the nature of the 
marerial. and ultimaely enabling its 
use as an ifnporcanr aid in the advance- 
ment of science. 
Up uniil [he medieval period' in 

Western Europe and rhe East soda was 
the dominant alkali. Soda was obtained 
from natural sources. such as from 

Despite an aware- 
ness of the inswbiliy 
of glass. the explana- 
tions of glassmakers 
and invesrigarors ;--- 

the phenomenon 
not dways provec"' " 

be as accum as Neri's 
observarions. Bernard 
Palliscy. writing in 
1563, teUs of how the 
French glaziers. on 
observing rhe decay of 
church windows, pur 
rhe phenomenon down 
to rhe effect of the sun 
md the moonJ James 
Fowler's The Procers 
of Decoy in Glass is 
perhaps the first serious 
anempt to explain and 
classify the symptoms 
of glass deterioration. 
He n o w  thar 'distilled 
water boiled for a long 
h e  in glass vesseb 
becorne(s) alkaiine'. 
and dm 'this action 
takes place with -mater 
ease in proponion as 

dried seas and lakes and from the Fig 2 17th ccn- ~ e n e r h n  or tVcrh~rlandish ~ i a r s  ewer. Note rhe the glass i4 rich in 
evaporation of sea and river water. o r ,  corrosion of Lhe gilded copperfoar re~ulringfrorn reacrion nfrh alkaii~.'~ 
was added in the form of a sea planr corrosionprsducrr fmm rhe gloss In the latter : ;t 
ash. In mainland medieval glassmidi- the seventeenth ;c 
i n  centres such a in ~ e r m a n ~  and Bohemia. potash. obtained ry. Geoqe  Ravenscroft noticed that his anempls to produce 
from woodland sources such as beech wood and bracken. glass with improved clarity and brilliance did not.dways result 
superseded soda as the main source of alkali.? Whether or not in a stable end product. when after a few monrhs he found t h x  
lime was intentionaIly added to srabilise the ~ l m s  is open to some pieces had a lendency ro criale*.: David Wntts ai Guy's 
debate. although Susan Franic at Shefield University has sug- Hospital iMedical School suggests hat h v e n s m R  may have 
g z d  rhar r n w  sands used in glassmaking contained too experimented with the addition of routed t m r .  from wine 
much lime. resulting in unstable glass composirions. vats and barrels. and purified potash to remedy the problem of 

In the sevenrzenth century. .Antonio Neri wrote in his book crinling before he began to experiment wid7 lead oxide. 
L'.-trte JYrrario thai the finest cr$stal-dear glasses could only although the promssive increase of lead oxide tvnq t h ~  maior 
be produced fmrn constituents thar had been urified to h e  rernedv ro the problem.6 

e_l; highest standard.! According to Neri. crude plant as was The natural process of glass &my has also long posed a 
finely crushed and boiled repeatedIy wirh successive quanrities serious problem to collectors and curators of glass objects. A 
of water. The exuacts were then ladled into eartfienwk bowls recenr survey of the condition of glass vessels belongiiz to the 
to senle. and the resulting clear Iiquid was evaporated until Victoria and Albert Museum in London found that about 10 per 
cqstallisation occurrsd. Alkali produced in this way _eve a cent of the collection is showing some sips of dereriomtion. 
more clear and brilliant -class, bur s m d  ranging from surface r n o i s m  &rough to exrreme crizzling.5 

-- 

mapesium carbonates and phosphates were removed. ofren The s&ey also reveals rhrtt some $ups of glasses are par- 
resultinz in less durable etass composrtions.~ 11 is clear that ticularly vulnenble. ranging from vases and goblets fmrn sis- 
Xeri had some understanding o i  the consequences of purifying tmrh and seventeenth cenrury England Spain and Italy 10 

the n w  materials when he states thar: modern 'designer' slass From Inly and Scandinavia. The full 
extent of the oroblem bas been investigated bu Stanisla\. 

.. . . !,I ~I~ef incsr  $ c J J ~ ~ .  ~rIje,-pin mh is maxi puified, and in init&= at rhe cnivenit!. of ~ r l r t n ~ e n - ~ ~ r n i e r g .  who colle;red 
a greorer proportion of salt to rirc sand. you sirail find char such information on the srate of g h s  collections from 17 museums 
glasses standing !n scrotemaneous and rnnixr places  sill fa# to  worldwide. Me found thar id1 but two of the museums have a 
pieces. rlre union ojrlre ~ a l r  ond the sand dec~ ing . '  significant number af glass objects that are exhibiting some 

form of deteriontion.: 
The susceptibiliry of much 16th and 17rh century Venetian Regardins museum objecrs. rhe visual symptoms of dele 

to decay is largely a resulr of such purification pro- ' -,, ,,, ,:,,,,,. ,, kn appiitd to draw ~ I W  since at 1- h e  16th cmlv!, 
cssscs. ~vhereby rtzbilising consriruenrs such a lime and mag- \ >r zommon ~5.e oi c. wo..la m k n a .  ar m ~ h ~ n m .  o i  .urixu. or ;r - - - 
nesia rhar are less soiuble ihan zikalis. usere removed. k-3;i;l':ns 3i  wnburn~ shn en nc fact WG b&: 

L 



Fig 3 Lure 17rh cenntq Fenefton or En?iish ~r-irreyiass rrgfc~in~lrnnt 
alkali corrosion 

ntion may vary considerably from one object to another. Early 
indicators of decav include the aupearance of alkalisalt  
deoosits and rhe presenc: of moisture on the surface of the 
\=I. The appeannce ar,c ;'om o i  ;he depos~ts ma!. vary from - - 
a dulling or cloudin. of the surface to the W n t s c r e t e  

.sal1 mstals.  Lnder humid conditions. the h!.proscopic alkali 
deoosirs rnav deliouesct. rznderin: the s u r f x t  slipoery to the 
roucn. In some cases. discrere droplets may r o n  on the sur- 
face. This effect is commonlv known as -wcruinn:: The. . - - 
advanced st%es of glass vessel deterioration is orren referred 
to as crinline. This is wnen the glass has developed a nenvork 
of fine surfice cncks. Often small pieces of glass spall awav 
from the surface. piving !he glass vessel a rough. s u g q  
q~peannce. 

Roben Brill of rhe Coming Glass bluseum drew anention to 
:I group of glasses that do not tshibir any obvious s i n s  of 
decay. but which undery a npid surface dereriontion when 
[hey are exposed to dehydrarinp conditions. Hr used rhe p h m e  
'incipient crizdins' to describe this merastable state of decay. 
These are glasses thar havt taken up water over the v e m  ro 
become hydrated and rquiiibrzted wirh their surrounding envi- 
ronment. If rhcse obitcis :;e moved ro drier en\-ironme& and 
are allowed to den$nrr. far exampie. if they arc moved into 
brighrly-lit. centrally hzattd galleries. fissures in the surface 
may open up. propigatin! 3 nencnrk of cracks across the sur- 
face. Glasses of this r!'pr h3vt been known to become severely 

Conservarors have yet !o 5nd a satishc~on. solution ro the 
?robLm posed by ~ i a s s  i c a y .  Tnc d ? ! e r i o r . a ~  once under- . , .  
iv;~\.. cannot he rpvr*~;.:~ -r?. ~f !:ti unchecked. :nsv ui~imrrtel\. 
cause tine vessel ro IL'S? I ~ S  rncch~nic~i  strzngrh 2nd coliapse. 

present rne process mav oniv be slowed down. or 31 best 
remaomiiy halred. by conrrollinp h e  environmental conditions 

-- -, 
or' hose  objects that are paniculxly vuhenble. 

Most prevrous resmch concerning rhe deterioration or' 
arrisuc and archaeolopical glass has used glass samples o i  
similar composition ro h e  a d  objecrs that are under invesri- 
gation. However. despite the simiiatity in chemical composi- 
tion berwen the $ms objecr and the replica glass. it should be 
realised chat the nature of h e  replica glass will invariabIv differ 
h m  h a t  of h e  oriinal.  This is became of a number of factoa 
including: i a ~  the w e  of chemicaI11;-pure powders. as opposed 
to the cornposiuonaIly diverse n w  materials used by ancient 
glassmaken: (bl the melting of the glass barch. usualil; ir. 
piarinum crucibles inside laboratoy furnaces. in conmist to ihe 
traditional melting process. usually carried our in refractor?. 
crucibles inside wood-burnins furnaces: (c) rhe difference ir. 
he  melting conditions as a result of the use of modem elecnic 
furnaces such as the remperanuc. oxidation conditions, and the 
time of melting: (d) h e  fact that most glass vessels were blown 
and worked by rhe glassmaker. whereas model glass samul=s 
are usually casr as flar plates: ce) any subsequent processin: 
emploved by the glassmnker. that mused chanpes in-the namre 
of rhe glass surface. such as meding  and fire-polishing: anc 
ii) the fact that the g l s s  objecrs have I o n ~  and varied therma: 
and envimnmenral histories and an!l h ~ e s r i ~ a t i o n .  no matttr 
how complex. c m o t  hope to discover. let done  recreste such 
conditions. 

The most common merhod of studying corrosion mecha- 
nisms in modem glass is to conduct accelented n ~ e i n z  exueri- 
m n t s .  One method of accclenring deteriondan.is simply tc 

Fi5-I Close  ti^ qi:lre rirur r<rlrt lore l3l t  carrt? I.t.~rcrion tlr: 

Dtyiish ~r+in~:iuss I Fig 3 r sbolr.ing rlte hrrild np r!iuIkuii currnsit)~ 
pma~rcrs 

raise the trmoeralure of the environmenr(This increases b o k  
i h t  in\l0ard and outward diffusion of a l k h  and warer mole- 
ales. and the nre of vtack of ag~ressive agenrs. Hou,tv:.r. 3: )- 
-jtvared Irrnpt:aturcs. it is likri\. :hat m:mv reactions corn 
into play [ha1 (Couid not nrcesiarily do 50 at room temczra- 
[urs.' - 



taken will highiighr susceprible ~ia~s 'objects  and wit1 yield 
inforrnacion relains to heir safe storage and display condi-. 

Fig 5 Scanning eiermm micrograph of the rurfnce of u &Jed 
Venetian joblet (SO]. the pale areus are where glass has spalied 
may. The pale colour u rhe IPS& of'rhe build up ojreacrion 
pmducrr in the spatled amas 

In order to yield womhwhile results from experimental work 
performed on replica _ e h s  samples. the work should be 
des iged  to sirnolare h e  conditions ro which glass objecn have 
been subjected as closely as possible. Obviousty we c m o t  
know rhefull thermal and wvimnmennl hisrory of each glass 
vessel in the coIlection and. in any c a e .  an emct simulntion 
could rake many centuries. depending on tfie piece. For the 
study of museum $lass. it is perhaps more approprinte to acctl- . . e n t e  elass deterionrion under cyclic humidiy mmhns&i 
these conditions. caused by yearlv. and even daiIv cvcles of 
high and low relarive humidie. are d~owhfir to be the main 
cause of criuling in h e  museum environrnen~ The impprcince 
of the cyclic narure of rernpemrz and humidity has been indi- 
w e d  by a number of rtuthors.3 

An investigation into the corrosion rnrchmisnis involved in 
the decay or' mwelirn glass vessels is currenrly being undertak- 
en as 3 joinr venture between Imperial College and h e  Victoria 
and Xlberr >fuseurn. On a fundamennl level. the ivo* is 
aimed at extending our knorviedge of the decay processes of 
museum glass. particularly the intenccion of ion-cxchange pro- 
cesses md cnck propagarion. ?his knowledge wilI invariably 
be of use LO the conservalor whose aim is ro halt the d e n y  pro- 
cess. Only when a geater undersmding of h e  pmcesses~t_las 
been ~chieved can the problem be dealt with in II systcmntic. 
safe and effective manner. On a pncricd level. the work under- 

Fiy 6 Sc~anninp e i rcmn rnic~ro~raoh ry'rlrr srr17acc of11 cri=!ed 
\ , > . ~ ~ : i h ~  -?ohiff f.G!d J. J .;nfall jFr:IrffI ! J { ! ~ I P  .llftcr ! O ~ P ?  i l  ~pili / i l l:  

~ 1 1 . a ~ j 7 ~ n r  iilr irrrlt cbss 

tions. c u e  and possible rreznnent. 
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THE SIGNIFICANCE- OF THE REFR 
GLASS REPAIR 

Norman H. Tennent and Joyce £3. Townsend 

1 INTRODUCTION 
The dual aim oi the restoration of glass objects is to achieve 
a secure and aesthetically pleasing repair. In the past.'it 
was often necessary to sacrifice appearance to the safery of 
the object by using metals. for example. to secure broken 
fragments I].  but now many syntheric resins are available 
which can bond broken fragments unobtrusively and 
replace missing parts [l-51. A refinement of this approach 
is to attempt to achieve an .invisible' repair by ~ailoring the 
optical properties of the adhesive to match those of the 
_elass to be repaired. 

The main factor which determines rhe appearance of a 
crack or gap in glass is the refractive index (RI) of  the glass 
rdarive to the RI of the material filling the gap. Breaks or 
cracks in glass appear less obvious when joined by an 
adhesive than when held together with air in the gap. This 
is because the R1 of air is ;worse match for glass than the 
R I  of adhesives. The more closely the RI of rhe adhesive 
ma~ches the R I  of the glass in question. the more the repair 
looks like unbmken glass. Adhesives have been described 
which attempt to match the RI of the glass [6.7] bur these 
reports are restricted to glasses of a specific RI: a major 
practical problem for glass conservators is rhe wide range of 
RI likely ;a be encountered with historic glasses. The 
meaning of RI and its consequences for glass repair wilkbc 
discussed in the following sections: a more theoretidl 
treatment and some numerical results for different rypes of 
$lass are presented in the Appendix. The significance of 
the RI of varnishes for paintings has been reported by 
Feller [6] and De Witte {9 ] .  

Once this investi_eation had begun it became clear that - 
very few measurements of the RI for historic glasses ha-fi 
been reporred. and then invariably as incidental 
measurements. Information on rhe RI of synthetic resins. 
from manufacturers or in the conservation literature. was 
also found 10 be scanty. The range of RI spanned by glasses - 
and adhesives was therefore unclear and the possibility of 
tailoring the RI of adhesives 10 match a specific giass was 
unknown. In addition. methods for measuring the RI of 
%lasses and adhesives were not well documented in the 
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conservation literature. It was therefore necessary to survey 
suirablr methods for dererrnining RI and then to apply 
these methods to the measurement of a wide range of 
glasses and adhesives. Only then could the feasibility of 
achieving 'invisible' repairs by choosing an adhesive with a 

mi~ching R I  to that of any historic or artistic glass he 
assessed. Each of these topics is developed in this paper. 

2 REFRACTIVE INDEX 
2.1 Description and relevance 10 glarr repair 
The RI determines. or can be used to describe. the 
behaviour of light when it passes from one material to 
another of different composition. Thc discussion which 
follows. app!ies to lransparent glassy materials (including 
synthetic polymers) and materials which are glossy when 
polished (e.g. jade. gemstones and ceramic glazes]. Metals 
arc a different case altogether. 

When Iighr in a medium of low RI. such as air. mcers a 
medium of higher RI. such as glass. a small proportion is 
reflected (because of the difference in RI1 and about Y69d 
i s  transmitted. The eye perceives and the brain in~erprets 
this fairly small difference as a,different siruarion from 
empty air. and one sees the glass object. On the other 
hand. were the glass to be immersed in  a Iiquid of matching 
refractive index. the glass would not be visible at 311. (,Many 
conservators are familiar with this phenomenon. for when. 
Paraloid 872 spheres are added to toluene they 'vanish' 
because the RI af toluene (1.496) is a fairly good match to 
that of Paraloid 872 (1.387).) 

The amount of li_eht reflected varies with the angle of 
viewing (see Appendix). An air-filled break in the object 
provides two air/glass interfaces and since the fracture 
surface is genenliy irregular in profile. multiple reflections 
can result. Furthermore. the difference in RI betwecn air 
and glass gives rise to a phenomenon known as the 'critical 
angle': at angles greater than the critical angle all the light 
is reflected back from that point in the giass and the visual 
impression is of a small area of polished. mirror-like metal 
(see Figure 1 for an example of this). Reducing the 
difference between the R1 of glass and adhesive reduces 
the .amount of light refiecred. resulting in a more 
transparent appearance. 

RI is measured at a specific wavelength. usually that of 
the sodium D line (589nm). and quoted values are often 
denoted by n ~ .  

2.2 ,Mearuremenr 
Four techniques are available for measuring the RII af 
adhesives and glasses. The salient features of eachmethod 
are summarized in l jb l e  1. 

Tahlt: I Echniques of Rl measurement suitable for glass objects and adhesives 
Exumplr 

Erltrriqtrr Sumplc rrquircmrnu Accuracy Curnmenrr f Curnlne Glrrss 
Eunrlunl'B'~ , 

Rxyncr Reiractometcr. Sprcirncns wirh smooth tlat r U.W3 Suitablc for ndhes~ves. stained glass 1.533 2 t1.~1113 
norm~l  rnude suriacc 2 lllmm x Jmm and certain objccts with rlat areas 

Raynrr Rrfmcrometrr. Curved specimens which sllow = 0.01 Not the preferred mcthod but sui:ablc I .53 2 11.0 I 
Jislant viston m~nimal surface contact i f  other methods arc nor possiblc 

.Abtri Rtir3clornerrr Sprcimcns with polishcd Hat r 11.UUU5 Cannor bc used for most historic elasscs. bur 1.5341 2 11 OiltI5 
suriacl: 3 15mm x 15mm the preferred merhod lor sdhcsrvcs 

1 rnmsrs~on Specimrns equivalent to the = I1.Ucljm 5uit3blc lor broken ghss or objccrr where 1.533 2 0.11(13 
slzr of 3 gntn ui salt or less sampling is poss~ble. Also suicablc for adhcs~rcs 

which do nor dissolvc in the immcrslon liqutds 

* F,w nrnrnptcj,lri 1 ir1 i1 t t I - i  qnxre~l in lantts t ~ i l ~ . l l ~  
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Kcy to Table 2 

ADHESIVES 42 Nortand O ~ t i c a l  Adhesive 63 1 

I ArbosiI Aquarium Sealant [siliconel. Adshcad Ratcliflc & 
Co. Ltd. Belpcr. Derbyshire D U  I WJ. UK. 

24 Lascaux Acrylelasur JUX [nrrylicl. Aluis K. Diethelm 
Farbtniabrik. CH-63Ub Brlil~iscllen. Swi~zerland. 

Eccosil 2 CN (siliconc). Emerson 6: turning (UK) Ltd. 
I Sourh Park Road. Scunthorpe. South Humbtrside DN17 
2BY. UK. 

SiIastic 732 RTV tsiliconc) t Dow Corning Ltd. 
Dow Carning 3 1J[1 RTV IsiIiconeI Reading Bridge 
Dow Corning 3 W RTV (siliconc) House. Reading. Berks 
Sy lgard 184 (siliconr) RG 1 8PW. UK. 

17 Technovlr JOD-IA idrrviir). Rubert S: Cu. Ltd. Dennings 
Road. Cheadle. Chcshrre. UK. 

Locrite Clcar Silicone Sealant 
(siliconc) 
Loctitt 357 (W curing. urcrhanr 
acrylic) 
Locritc 350 ILV curing ocrylie) 
Locrttc -Glass Bond* [ W c u r ~ n g  
qsicm ) 

29 Bostik 5293 adhcsrvc (cellulosc nirratcr. Bostik Ltd. , 
Ulverscmf~ Road. Lciccster LE4 bBW. UK. 

Loctite UK. Loctitc 
Holdings Ltd. 
Watchmead. Wclwyn 
Garden Ciry. Hcrts 
AL7 IJB. UK. 

22 L R White Resin (acrvlic). London Resin CO, PO Box 1 4 .  
Basingsrolrt. Hanrs R G 2  5AS. UK. 

3 HSTAL NYL-I (rpoxrl t Conservation Materials 
5 0  Ablrbond 342-1 Iepoxrl Lrd. 24U Freeporr 
51 Devcon '2-lon' [rpoxyl Blvd. Sparks. N V  
51 Dcvcun .5-minure' (tpox?.) 8943 1. USA. 

11 Opricon UV-57 (L'%'-cur~ng Jynrml. Opricon Chemical. PO 
Box '445. Ptllos Vcrdcs Pcnlnsuia. CA 90174. USA [61. 

UV-curmg s.v~lrm I Leader House. 117- 170 .27 Norland Optical Adhesive 61 Snargate Street. Dovcr. 
( W-curing sy~crn ) Kcnt CTL'908. UK. 

59 Virralit DAC 

Rhodopas M (PVAI: after casting Rhodia (UK) Lrd. 
from solution (8). assupplicd ( 101 M k s c x  St. London 1 W C R 3 A A .  UK. 
Vinalac 5254 (PWI. Vinyl Products Ltd. Mill Lanc. 
Carshalton. Surrey. L'K. 
UHU 'All-purpose' [PVAI. Beccham UHU. Brcntford. 

'Middlesex. UK. 
Ewstik 'Rcsin W' (PLA) } Evodc Ltd. Common 
Evostik 'Clcar' (crllulo~c nirrnlc) Road. Srafford. UK. 

Berol 'Merlin' (PVA). Btrol Ltd. Oldmedow Road. King's 
Lynn. Norfolk. UK. 

43 Tran t i  Embedding Resin Ipofymcr). A. Tiranti Ltd. 20 
Goodgc Placc. London W1. UK. . 

Paaloid F10 (acrylic) 
kraioid 872 (acrylic): afrcr 
casting from solution (IS). 

]as supplied (19) 
Panloid B82 (acr.vlicI 
Paraloid 867 (ncrylicl 
R n l o i d  866 (acr~iicl  
Paraloid A30 ( ~ c r ~ l i c l  
Paraloid 0J-r (acrylic) 

Butvar 876. 879 (polyvinvl 
buryruf. PVB) - 

Butvar 877,. 874. B90.898 
(PVB) 
Formar 1385 (polyvin~l~ormd.  
PvFl 
Formar 5/95E. 6195E. 15!9SE 
(PVFI 

Plastogcn G (arr.vlic) 
Duratix (cellulose numtr) 
HItG (ccllulosr n~trnrr r 
F r i p l c ~ r  (cellulose numrc) 
Ercalrnr (rcllula~c nurnrc) 
Rutapox 1Z00 Iepoxpl 
Plastogrn EP (cpoxr.1 
Rurzpox 1710 [rpcu?.) 

45 Epotck 301 ( c p ~ ) .  E p q  ~ e c h n o t o g ~  Inc, 65 Grove 
Street. Watennwn. MA OZI72. USA. 

Rohm & Haas ( UK) . 
Ltd. Lennig House. 
1 Mason's Avenue. 
Croydon CR9 3NB. 
UK. 

Monsanto Lrd. 
Monsanto House. 
ID- 18 Victoria Street. 
London SWI ONQ. 
UK. (Manufacturer's 
dat a) 

Frank W. J o d  Ltd. 
Oldmcdow Road. 
Hardwick Industrial 
Estate. King's Lynn. 
Norfolk PUO 4HH. 
UK. 

Mctset Resin SW Ipobcsrfr): f i a t  batch (46). second batch 46 
(48). Metalluqieal Services Laboratorits Lrd. Rdiant 

]Works. Bmckham. Bcrchworth. Surrey RH3 7HW. UK. 
49 Araldite MY79D/X83-19/DYOJO Ciba-Gtipv Plastics 

(epoxv) and Addittvcs Co, 
Aralditc.AY 1031HY95 1 (epoxy): 
first batch (551. second batch (58) 

60 Araldite AY I05lHY951 (epoxy) 

53 Epofir; ( c p y ) .  Strucrs. Copenhagen. Denmark. 

54 CXL (cpoxy). Rcsin Coatings Ltd. Coltbrand House. 70 
Warwick Strecr. Rcgcnt Street. London WIR 6BE. UK. 

56 Permabond E27 (cpoxy). Permabond Adhesives Ltd. 
Woodsidc Road. Eastlcigh. Hants SO5 4E.Y. UK. 

HISTORIC & ARTISTIC GLASS' 

I GMAGIDAl96.38a. Crirrallo (greenish) Venetian Tazza. ' 

.. L6rh century. 

NHT. Clear (1) and violet (3) glass from Alexandrine 
Zwischcngoldgias fragment. 1st century AD. 

4 GMAGIBCII7.M. Dark bluc transparent glass from Roman 
bottle. early ccnturics AD. 

5 RINM10753.248. Bohemian glass. wheel cnynrrd.  mid- 
18th century. 

;8 } GMAGlDA197.50b~. Spanish (Caralonia) jug. c l c x  glass. 
18th century: vessel glass (6 ) .  ornament glass (25). 

7 NI-IT. Clear glass from Islamic lamp fragment. .13thllJth 
century AD. 

E . Egyptian vessel stamp. 8th century AD (19. Table I]. 

9 Elwen Egyptian vcsscl stamps. coin weights. etc, Yth 
ccntury AD (19. Table I I .  

10 , NHT. Qcar glass from Islamic lamp fragment. 13thlWth 
century AD. 

I l  IUNMI0754.270. Russian I?) covered bcnkcr. wheel 
engnwd.  m~d-18th ccntury. 

12 GMAGIND3.185gp. Cypriot glass flask. early ceniurics 
AD. 

13 Egyptian bcads: one pale green fmm Tell Asmar. 2700-2500 
BC [15. p.10. specimen no-il; two bluc from Qau. 7515 
1161. 
NHT. Tnnsparent amber (14) and bluc (16) glass from 
Alexandrine Ioztnge-shapcd dccontivc glass. c. tst ccntury 

15 FUNMBX6. Bohemian glass. whecl engraved. 1725-1750 
AD. I 

I7 GMAGi;ci03.185iz. Cyprior glass dish. early centuries AD.  

18 Egyptian blue bead from TcIl el-Amarna. XVIII Dynasty 
[161. 

' Explanahon of registration codes: GMAGlDA. GSIAGiBC. 
GMAGiA = Glasrjow Mweurns and Art Galtcrics. Departmen1 
of  Dcconrivc ~ i i .  Burrcll Cullcction. Depar~ment of 
Archacolorjy. respecrrvcly: NHT = author's cullection: 
R = Rijksmuseum. Amsterdam. 



GMAGIW9250cq. Sourhcm Spanish bull-shaped 15 
ornament. green glass. iYth c ~ I ~ ~ u N ?  

GMAGIDAI9ZSObu. Spanish (Catalonia) jug. clear glass. 46 
16th century? - - .. 
Threc Egyptian red beads from Armanr. 12OOA [Ib]. XI1 47 
D ynasry. 

Egyptian vessel stamp. carly-middle 8th century AD (19. 48 
Table I I. 
Egyptian ring weight. 8th century AD? [19. Table 11. . 50 

Egyptian green @ass bead from Qau. 612 [IS. p.14. 
specimen no.11. XI Dynasty 1161. 51 

Egyptian coin wight. early 9th century AD 119. Table I]. 

GMAGIW96.38c. Venetian wine glass. late 16th cmrury. 52 

GMAGIBC;45.17 Clear glass border dxed 1577 (enclosing 
a Wrh century mundcl). 

GAAGIBCJSJ5I. Clcar glass from Dutch panel. datcd 
1686. 

GMAGIBG45.499. Clear glass from Swiss panel. late 16th 
century. 

GMAGIBC;fnv 151. Wine glass. DurcMBritish. mid-18th 
century. 

FUNMI0754.78. Winc glass. stipple tngrawd. Dutch. laic- 
Nth century. 

FUNM40l5. Winc glass. diamond engraved. English. 1725- 
1750. 

WRBK 1966.61. Wine glass. wheel cngraved in Holland. 
Enaiish. c, l750. - 

Egyptian coin weighr. larc I t k a r l y  9th century AD [I9 
Table L]. 53 GMAGi45.32. Clrar glass from English panel. 14th century. 

GMAGtIlA193.93~. Blue (29) and opal (5J) glass from 
Vcnctian wine glass. ffithll7th ccntury. 

NHT. Transparent dark blue vessel glass fragment. TclI 
cl-Amarna. XVIII Dynasty. GLASS STANDARDS 
GMAGIBCIl7.49. Pale grecn glass from Roman jar. early 
centuries AD. 

I 

Arabic bead from Assint. probably Hth-18th century A D  
i 161- 
NHT. Transparent turquoise vcssei glass fragment. 
el-Amarna. XVII I Dynasty. 

Transparent pink bead from Armant. I2OOA (161. 
' 

I Excavated mediaeval stained glass from St Andrtws 
Cathedral (35: StAl) and Elgin Cathedral (36: ECJ. 37: 
ECS. 55: EC1). See [I71 for analytical data. . 

GMAGIBCI45.470. Clcar glass from Flemish mundcl. early '. 
16th ccnlury. 

GMAGIDA197.50bo. Spanish (Andalusia) vase. green 
glass. 17th century. 

Clcar dark blue bmd from Armanr. IZUD [161. 

GMAGiDAlf7.90e.3. Water-glass. Scottish (John Baird . 
Giasswork). c. 1881. .. 
GMAGiBG'45.484. Clear. blue and gmtn glass fmm 
Guman (Nuremburg) sra~ned glass panel. c. 1470-1480. 

GMAG;BC:.15.462. Clcar glass fmm Flemish mundei. 16th 
centur? . 
GMAGiDAi88.65a. Clcar (a) and yelIow (49) glass from 
ruby glass goblet. Rhinc Glass Works Co, c. 1888. 

Glass Standard B 
Glass Standard D 

Glass FK3: Schort Glasmrkc. Harrenbcrgstrasse 10. 
0-6500 Mainz. W. Germany. 

Glss Standard No 4 ! Society of Glass Technology. 
Glass Standard No 5 10 Hallam Gate Road. 
Glass Standard No 3 Shefficld S10 5BT. UK. 

Standard 76-C-I5 1 
Srandard 76-C-158 
Standard 76-C-L19 
Standard 76-CsW4 
Standard 76-C-lS0 
Standard 77-C-33 
Standard 76-C-145 
Standard 76-C- W7 
Standard 76-C-148 

Zinc Crown. ZC 508611 
Hard Crown. HC 524592 
Extra Lighr Rint. . 
'ELF 54H72 
Extra Light Rint. 
ELF 548456 
Light Flint. LF 567428 
Light Rint. LF 579411 

I Standards preparrd for the 
Coming Museum to 
simulate the composition of 
ancient glasses [I1 1. 

Pitkington Brothers plc. 
Research & DNclupment 
Laboratories. Orrnskirk. 
Lancashire L4O SUE UK. 

I Scrics of synrhetic 
mediaeval srained glass 
composirions prepared by 
Pilkington Bmthcn far 
Professor R.G. Newton 



A description of the Abbe refractometer and its mode of 
operation is available in standard optics texrbooks [lo]. The 
authors have found the Rayncr rcfractometer to be an 
attractive. cheaper. simpler and more versatile alternative. 
though not capable of the accuracy of the AbbC. RI 
measurements made to 20.003 are. howe\;er. of more than 
adequare accuracy for the selection of m'atching adhesives 
for glass repair. The immersion technique is widely used for 
mineralogical studies and is also well described in many. 
textbooks III.Ch.3: 12.Ch.31. It is based on the 
observation bf a tiny sampIe rhrough the microscope (40- 
SOX magnification): a series of liquids of known RI is used 
to immerse the sample until a l i ~ u i d  is found in which the 
sample disappears, The selection of the relevant immersion 
Iiquid is facilitated by observing the behaviour of the Becke 
line [11.17]. Immersion liquids are available commercially 
in steps of 0.005 or 0.01. Alternatively. a graded series of 
liquids of varying RI  can be by mixing two 
terminal liquids [13,14]. The properties which these liquids 
should possess are we11 documented 1141; mixtures of 
buryldigol (RI 1-431-1.433) and I-chloronaphthalcne (RI 
1.632-1.634) are suitable for the work described in this 
paper. 

Adhesives were examined primarily with the Abbe 
refractorneter or. for less accuracy but greater convenience 
(since sample quality is of Iess importance). the Rayner 
refractomerer. A sodium lamp. or a suitably Ciltered lisht 
source. was used. The adhesives were either cast and 
polished or prepared as a thin film either on a glass 
microscope slide or directly on the prism of the 
refractometer. In the former instances the contact liauid. 
I-chlomnaphthalcne. may dissolve some resins. In c ~ r r a i n  
cases the resin was examined by immersion. but this 
method was found to .be  more usefui for glasses where a 
tiny fragment can be removed from a brokrn piece. Even 
for intact glass objects. sufficient sample can usually be 
removed unobtrusively by means of a diamond-tipped . 
pmbe. 

3 RESULTS 
3.1 The refractive indicm of adherives and glasses 
The results of Ri  measurements on a variety of adhesives. 
historic glasses and glass standards are presented in Table 
2. Specihc results are plorted individually and may be 
identified by means of the Irty to the Table. Examination of 
these me&urements shows up certain groupings of 
adhesives and giasses. and these are indicated in the Table 
by the shaded areas. the terminal points of which are 
somewhat uncertain. 

It is clear from the Table that historic and artistic glasses 
span a wide range of RI. principally from c. 1.180-1.580. 
which indicates the problems of tailoring the RI of an 
adhesive to match closely thar of a glass requiring 
restoration. FortuirousIv the span of glass RIs is wet1 
matched by that of different classes of synthetic polymers: 
for example. most amine-cured epuxy rcsins examined fall 
in the useful RI range 1.550-1.555. but silicone resins span 
the range 1..105-1.415. and are thertfore unsuitable for 
giving a close RI match for glass repair. (It is an interesting 
;nd useful offshoot of this work that polymer classes and 
giass types can often be identified on the basis of their RI. 
This is not surprising. since the RI is a consequence of 
composition. though in the c s c  of glasses. density is a 
more suitable probe for charac~erizarion purposes. 

Weathering and the annealing process can both affect the 
RI of glasses [18.19].) 

The grouping of historic glasses includes some literature 

- - values. Although few measurements of RI for historic 
-'. glasses have been published. data are available on several 

dozcn glass artifacrs and experimentally-melted 
counterparts of similar compositions. which wilt be 
published in due course [XI]. The values for historic glasses 
in E b l e  2 are mirrored by those for specially prepared glass 
standards. designed to simulate the compositions of early 
glasses [2 t ,221. 

The Rls of sevcral adhesives and. glasses were 
determined by morc than one method. Agreement was 
within kperirnental error (see. for example. Tabk 1). 

I t  has been found that the Rl of adhesives changes 
during cure or-drying. so during the restoration of glass the 
initial appearance of the repair will be modified. The 
values given in Table 1 ar t  for fully cured rcsins or 
solvent-borne resins after several days' drying. Adhesives 
From the latter group may never regain the RI of the resin 
prior to the addition of solvent. The RI  of Rhodopus bl 
PVA resin. for example. was 1.451 4 0.0U3 immediately 
after prcpararion. 1.455 after several days and 1.457 after 
several yean. The RI of the resin as supplied %as 1.463. 
This illustrates the plasticizing effect of the solvcnr. which 
was still noticeable in the oldest sample. 

Although the proportions of hardener and resin can 
affect the RI (scc section 3.3). good consistency (variations . 

of k 0.001) was shown by several Ablebond 342-1 epoxy 
resin samples prepared with the same proportion of resin 10 

hardener. Diffcrcnr batches of Metsct SW polyester resin 
showed equally high consistency in RI. 
The dispersion (a slight variation of RI with wavelength 

throughout the visible spectrum) of glasses and adhesives 
has not been studied. It can be assumed that this. and the 
very small temperature dependence of the RI. win be 
swamped by other causes. namely batch-to-batch variation 
in adhesives and variations due to working the glass surface 
during the manufacture of the object. 

3.7 The effict of matching lhc rcfmc~ive index of adhesives 
and g!an 

figure 1 illustrates the significance of RI in the repair of a 
cracked lead glass vessel (Rl  1.558 c 0.003) by means of 
clear. Iow viscosity resins. For this repair. rwo different 
water-white epoxy resins were used to filZ the cnck  which 
runs from the rim of the vessel to in base. 

Ablebond 342-1 was selccred from Table 7 as an adhesive 
whose refractive index. 1.5646 2 0.0005. matches very 
closely the glass in question. The resin was applied 
carefully along rhe upper haIf of the cnck and was d&n in 
by capillary action. As the resin penetrated. the crack 
immediately became less visible. The excess resin was 
wiped away from the surface of the glass and the vessel set 
aside for two days at room temperature ro allow the resin ro 
cure fully. By this time only a very faint hairline could bc 
seen to indicate the position of the break. (A  chip half wily 
along this section of rhe cnck was not Filled and remained 
quite visible (Fig. lb).) 

HXTAL NYL-1. an epoxy resin of  equal urlter-white 
clarity to Ablebond 341-1 but whose RI. 1.5lIII t l l . ( l l ) l [ l .  
differed. from the glass by 0.038. was used to till [he 
remainder of the c n ~ k  down to the base of the vessel. The 
same procedure was adopted. bur since this resin cures w r y  



Fig. 1 Modern lead glass bowl (Rf 1.5531 before (a) and after (b) 
repair with Ablebond 342-1 epoxy (RI 1.565) above ihc 
arrow and HXTAL NYL-I epoxy (Rf 1.520) below it. 

slowly at room temperaure. seven days elapsed before cure 
u3s complete. For this resin the crack also appeared less 
visible than before restontion. especinIly at certain angles 
a l  viewing. At other angies. however. total internal 
reflection of light occurred (see section 2.1) and the crack 
appeared as a silvery line (Fig. Ib). This was nor the case 
w ~ t  h the parr of the crack mended wirh Ablebond 342- I .  

It is clear. therefore. that for rtsins chosen to match as 
closely as possible the RI of broken or cracked gtass. the 
quality of the repair is superior to cases where a mismatch 
of even 0.04 occurs. 

3.: ,tlodificarion of rhe rqiraa1t.e inder ofcommercial 
adhesives 

While t he range o f  commercial adhesives given in Table 1 is 
a good starting point for thc selection o i  an adhesive which 

matches the RI of any given glass object. there remain 
instances where this rabulation might not permit a suirablz 
adhesive to be chosen. The Table can be extended in two 
Gys: by the addition of new commercial producrs or by the 
ability of conservators to modify marginally the RI of  a 
parricular commercial product. 

Since epoxy resins represent the most useful class of  
adhesive for glass bonding the investigation has been 
restricted to thcse resins. Three approaches havt been 
explored: the effect of using different hardeners for a sinele 
epoxy rcsin component. the effecr of maginatly changing 
the proportion of hardener and [he effect of the addition of 
other components. principally plasticizers and diluents. 
(The addition of dyestuffs docs not affect the RI of a 
rcsin.) These results arc reporred in full elsewhere [231 bur 
it is relevant to summarize the conclusions here. 

It is possible to cure successfully a series of commercial 
resins based on the diglycidyl ether of bisphcnol A 
(DGEBA) with amine hardcncrs other than those specified 
by the manufacturer. This is to be expected. since the 
DGEBA resin components of thcse epoxies arc _eencrally 
similar. RI variations in the rang% 0.011 to 0.026 were 
found when a set of epoxy rcsins was cured with alrcrnarive 

. hardeners [U 1. 
A factor which may play some part in thcse RI 

modifications is the. ratio of hardener to resin. This facror 
was investigated separately and it was found that RI  
changes of the order of O.W3 can be produced by a 
variadon in hardener proporrion of 25% from the 
recommended vaiue [23 1. 

The addition of dibutyl phthalate was also found to affect 
the RZ of the cured epoxy resin (231. f n  fact. the presence 
of dibutyl phthaiare is the main reason for the difference 
in the RI of Araldite AY103lHY951 and AY105tXY951 
(Table 2). 

Tampering with resin formulations in these ways crentes 
the risk thar the properties of the cured resin will be 
adversely affected. It has been observed. for example. that 
light-induced yellowing of certain resins is more 
pronounced when alternative hardeners are used but in 
orher cases an improvement in light stabiiiry zc~ually 

-=sults [Dl. The effect on adhesive strength has nor. been ' 

examined. 
For crack mending. however. the tendency of a resin 10 

yellow is of less importance than the abiiity of rht RI to 
match the glass undergoing repair. A simple experiment 
served to prove this point: a crack in a lead glass vessel (RI 
1.558) filfed with a solvent of ,matching RI (nitrobenzene. 
1.553) dyed an intense yellow colour was less visibk than 
the same crack filled with a water-white liquid of differing 
RI (toluene. 2.496). It is implicit in this argument that the 
yellowing process does not greatly affect the RI of the 
resin. This has b t t n  found to be the w e  [Z]. For restored 
breaks where the resin has a significant thickness. on the 
other hand. the 1tiIowing of the resin can become 
obtrusive. 

3.4 Synthesis of adhesives wirh a specified tefmcriveindex . 
An alternative approach. nor pursued in the course of this 
work. is the synrhtsis of adhesivcs with predetermined RIs. 
This is in principle quite possible but is unlikely to become 
a practicable resliry for most conservarors. Dt Witte 
adopted this course of acrion 191 in order to prepare acrylic 
picture varnishes with a high RI. Xt is a150 relevant thar 
copolymerization of isobutyl mcrhacrylate and styrene in 



prescribed proporriuns has been reported to  give a graded 
set of mounting media for micmscopical sections in the 
rinse 1.477 to 1.590 124). 

4 PRACTICAL FACTORS IN ACHIEVING .4 HIGH 
QUALITY REPAIR 

In this study most visual assrssmenrs of the significznce of 
RI in glass repair were made on cracked glass because this 
avoided the need ro align bmken ira_ements. but for both 
cracked and broken glass certain steps can be taken to 
ensure an optimum appearance. 

4. I Cracked glass 
1 The adhesive strength required for bonding cracks is 

less than that for bonding broken fragments. s o  the 
nnge  of suitable polymers can be extended to include 
classes such as  acrylics which a r t  not good adhesives for 
glass. It  is also possible to  use adhesives whose 
resistance to yellowing is not of the firsr order for very 
narrow cracks (see section 3.3). 

7 Since there is evidence that the R I  of an old crack may 
differ by as much as 0.235 from that of the bulk glass 
[15] it is advisabk to refine the RI measurement. made 
initially by one of the methods described in section 2.1. 
by determining which of a series of immersion Iiquids 
drawn in by capillary acrion makes rhe crack least 
visible. 

3 Once an adhesive of appropriate RI has been selected. 
a greater speed of penetration of the crack by capillary 
action can be achieved by warming the resin to reduce 
its viscosity. (For a discussion of the relevant factor$ 
involved in enhancing penetrarion during consolidatio?':. 
see [76.Ch.7].) T h e  danger of the crack spreading if the 
glass itself is heated should b e  borne in mind. 

4.1 Brokenglm 
1 Alignment of the broken Fragments is all-important: ' 

Sometimes taped pieces move slightly during cure o r  ' 
drying of an adhesive. A vaiuable technique is the' 
application of an initial small. securing spot of 
cyanoacrylate adhesive prior to bonding by the chosen 
adhesive (771. Cyanoacrylate ' adhesives are  not - 
recommended as rhe sole adhesive for glass bonding as 
in time the bond will fail. 

2 When bonding fragments of flat glass such as stained 
rlass (o r  even gently curved pieces) it is helpful to 
insure [hat the best fit is achieved. wirh the fragments 
Iyin_e in the correct plane. by observing the reflection of 
a fluorescent lighting tube in rhe glass. If rhis appears 
smooth and unbroken then the glass is positioned 
correctly. 

1.3  Cracked or broken glm 
T'he hairline crack which remains on  the glass surface after 
bonding is  caused by the resin creating an imperfectly 
smooth surface wirh the giass. This can be minimized by 
smoothing out s tiny e:ccess of resin along the edge of the 
crack or break with :! l lu-thick h1eiine.u [polyethylene 
terephthahte) film. This can be peeled away when the resin 
has set. (One disadvantage o f  HXTAL NYL-1 epoxy resin 
is   hat it bonds so firmly to h fe l ine~  that this technique 
cannot be used. 1 

5 CONCLUSIONS 
Several issues have been clarified as a. result of this 
in\qcsri~n~inn. The ranpe oi R I  snsnnrd bv adhesives and 

the  RI values typical of historic and artistic glasses have 
been identified. In the course of these measurements rhe 
most suirablc methods for the determination of  such RIs 

.-have been ascertained. These results have been used to . . show that it is possible to achieve a good match between the 

RI of adhesives and most glasses. Experiments in the 
repair of glass have demonstrated that tailoring of the RI of 
a n  adhesive lo that of a broken or cracked glass docs 
enhance the quality of the repair. When a very close (2 
0.003) march is achieved. invisible repairs almost become a 
possibility. though the ethical justification for this degree of 
perfection remains open to question. For most practical 
purposes it has been shown that a match of c. 0.01 can lead 
to a n  almost invisible repair. and that a mismatch of c. 0.04 
can  leave the break or crack readily visible. These Findings 
a re  of most ielcvance to  those glasses. especially post- 
mediaeval vessel glass. where the glass surface is not badly 
weathered. 

It  is a vaiuablc additional conclusion of rhis study that RI 
determination provides a i o o d  means of  differentiating 
certain polymer cfasses and glass types. 
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APPENDIX 
The refractive indu  (n:) or a medium is eivcn by thc n ~ i o  of I, 
velocity of light in vacuum to rhc velocity of fight in thc medium. 
For numerical purposes. n (air) = 1. as for ;l vacuum. The vrluc~ty 
of light in any medium is hss than in vacuum. 50 in consequence 
light which enters a medium of hieher RI at an anglc of incidence 
0 ,  is refracted at a smaller angle 8:. as shown in figure 1. Far a 
medium of lower Rf (n,). 

n$n, = ~ i n 0 ~ / s i n 8 ~ .  
When light is travelling from glass to air and O 1  reaches YO'. H, is 
called the critical angle 8,. and all light [caving the glass surface 31 
8, or a higher angle is reflected back. This fs known as total' 
internal ~etlcctjon. The critical anglc is given by 

sin 0, = nl/nl. 
bassimi e ic~ tmrna~ne~ic  theory (Maxwellf equations) applied to 
a flat. non-magnetic air-medium boundary such as glass. leads ru 
the result that light at normal incidence is partially reflected. Thu 
proportion reflected is given by 

= 1":-nl12 
TGx 

A refinement of the theory to angles of incidence othcr than the 
normal intruduces polarized lighr (Fresncl reflcctionl. Since the . 
eye cannot detect polarirarion. thc results for the two pt>larizcd 
cornponenu havc to be summed to indime whar one would see a1 
ench viewing angle. Graphs of calculated values [ZR.p.Jl~lll 
indicate thar the simpler equation given above is valid for vkwlng 
angles of 4U0 for soda glass'in air. S D ~ C  values for typical glnsscs 
are given below. in Table 3. A jus~ification for these results is' 
aG11ablt in standard physics tcsts (e.g. [29[) .  

Tot81 Internal Reflection 

Rg. 2 ~ehaviour  of lighr at an air-glass boundary. 

Table 3 Calculated values of the critical an& and the parentage of light reflected. for various glasses in different media 
- -  - - -  

Gluss in medium of lower RI fl_+ 4 8 r R Viewing anglror 
which R ir ;-did 

Early glass in air 1 .-IS 1.00 44' 3.4% 40" ' 
Soda piass in sir 1.52 1.00 41" 4.3% 36'" 
Soda glass in matching adhcsivc 1-52 1.51 83" O.oOOOl'% -I- 

Lead glass in air 1.58 - 1.00 39" 5.1% 33"' 
Lead glass in matching adhesive 1-53 I .57 8J0 0.000019b + 
From [lS.p.-LOI I. 

+ R = 0. lob a1 YO". 6% at 35'. ~ n d  much Icss at lower angles. 



RELEVANT ADHESIVE TERMINOLOGY 

A body that is. or is intended to be. held to another body 
bv an adhesive. 

~ n a e r o b i c  adhesive 
A polyrnerizable adhesive that is intended to p01ymerize 
spontaneously in the absence of oxygen. the 
polymerizarion being substantially inhibited by the . 
presence of oxygen. 

Animal glue 
See 'glue'. 

Binder 
The component of an adhesive composition that is 
primarily responsible for the forces that hold [he 
adherends together. 

Body t noun) 
A subjective assessment of consistency (q.v.) 

Body (verb) 
TO thicken an adhesive. 

Bond (noun) 
An attachment between adherends achieved by an 
adhesive. 

Bond (verb) 
To attach adherends by an adhesive. Note. The use o f  'gIuc' 
is deprecated. 

Bond-line 
The adhesive layer in a bonded joint. Note. The use of 
-glue-line' is deprecated. 

Bond strength 
The force necessary to bring an adhcsive joint to the 
point of failure. with failure occurring iri or near th&. 
plane of the bond-line. 

Breaking force 
The forcc necessary to bring an adhesive joint to the 
point of failure. irrespective of mode of failure. 

Brushing adhesive . . 
An adhesive that is  designed lor application by brush. : 

Celluiar adhesive 
An adhesive that has been extended by the incorporation 
of gaseous cells: also called 'foamed adhesivc'. 

Cement 
Inorganic adhesive materials serting by hydration. e.g. 
Portland cement. Norc. The tcrm is aho uxd as a synonym for 
organic adhesivc but this usage is strongly dtprenrcd. 

Close-contact adhesive 
An adhesive suitable for use only in joints where the 
surfaces to be joined can be bmught into close contact 
and where bond-lines do nor cxcccd 0-lmm. Nore. Closc- 
contacr adhesive is in contrast to gap-filling adhesive (q.~.). 

Coaiescence 
(a1 The fusion of dispersed particles of an ernilsion. (b) 
The fusion of two adhesive films when brought together 
(see 'two-wav-stick adhesive'). 

Cohesion 
The stale i n  which rhc particles of a single substance are 
held together by the primary or secondary valence forces. 

Cohesive failure 
Failure within the body of the adhesive. i.e. not at the 
interface. 

Cold-curing adhesive 
An adhesive (usuallv a two-parr system) that cures 
without the application of heat. 

Cold Row 
Deformation of a material at room ternpensure without 

applied load (see aLro 'creep'). 
Cold gtue . - 

. . Sec 'cold-se~ring adhesive'. 
Cold-setting adhesive 

An adhesive that can be applied and will set at a 
tempencure of 23°C or lower: also called 'cold glue'. but 
this psagc is deprecated. 

Compressive shear 
See 'shear'. 

Consistency 
A general term for the property of a material by which it 
resists permanent chanzc of shape. Note. Consistency is not 
a fundamental propcrry but is comprised of viscosi~y. plasticity 
and other rheoIo_eical properties. 

Contact adhesive 
An adhcsivc that is applied to both adherends and 
allowed to become tack dry (q.v.) before the joint is 
closed. It dcvelops strength immediately the joint is 
closed. no sustained pressure or setting time beins 
required. Note. These materials a F  known in rhc stedonrry 
industry as 'self-seal adhesive'. 

Creep 
The slow inclasdc deformation of an adhesive layer under 
load. following the initial instantaneous elastic or rapid 

. deformation (see also 'cold flow'). 
Cure (verb) 

Twincrease the cohesive strength of an adhcsive through 
chemical changes. c.g. polymerization or crosslinking. 
rhus deveIopin_e the mechanical and physical properties 
for any given application. 

Cure ternptraturc 
The specified temperature for curing an adhesive (see 
aLFo 'setting temperature'). 

Cure time 
The period of time necessary for an adhesive to cure 
under the specified conditions. 

DoubIe-spread adhesive 
See 'two-way-stick adhesive'. 

Dry tack 
The property exhibited by adhesive systems when the 
apparently dry adhesive films will adhere themselves 
immediately on contact: also called 'aggressive tack'. 

Elasticity 
The propcrry of the material by whichit tends to return 
to its originai dimensions after the removal of a stress. 

Emulsion adhesive 
A stable dispersion of a polymeric adhesive in a liquid 
continuous phase. 

Fatigue life 
The number of stress cycles necessary to bring an 
adhesive bond to the point of failure when the bond is 
subjected to repeated cyclic stressing under specified 
conditions. .Vo~c. Fatigue lift depends on (a )  the frequency and 
wavcform of thc applied srrcss: [b) the magnitude of thc applicl 
stress: [c )  wherhcr or no1 both comprcssiw and tensile stresses 
occur within rach cycle. 

Fatigue strength 
The force that a joint will withstand when the force is  
applied reperrredly for an infinite number of times. Norc. 
For p r a ~ l i ~ ~ l  purposes. 10' q ~ l c s  is considemd 10 bc a n  
adcquatc indicat~on,. 

Foamed adhesive '. 
See .cellular adhesive'. 



Foaming adhesive 
An adhesive designed ro foarn.in silu after appIication to 
provide extensive gap-filling properties. 

Gap-filling adhesive 
(a)  For high strength. load-bearing purposes. an 
adhesive chat will pr0vid.e satisfactory bond-strength in 
bond-lines up to 1.3mm in thickness (see also 'close- 
contact adhcsive'). (b) For the construction industry. a 
high solids adhesive designed for use on uneven surfaces 
and to bond satisfactorily where there are gaps of up !o 
6mm. 

Gel ' 

A colloidal system of semi-solid nature. consisting of a 
solid dispersed in a liquid. If lyophilic (dilutable) it may 
be converted to a sol or liquid form. by the addition of 
more of the liquid phase. 

Gel point ' 
See 'gel temperature'. 

Gel temperature 
The cernperature ar which the system no longer flows under 
shearing stress. bur shows a rendency IO tear; also called 
'eel point'. 

 tion on 
The process of forming a gel. Nore. Adhesives can be b i f i e d  
by mode of gelarion. (a) Gel lormion by loss of while 
constitucnu by mporation a diffusion: (i) loss of organic solvmr. 
c.g. rubber solution: (iil bss of mu. e.p. stareh. animai glut. 
rubber laru. sodium siIic~c. polyvinyl acetate. C~C.  (b) Gci 
formation by cooling. c.g. animal giue. (c)' Gel fomxuion by 
condcnsa~ion poIymcrhion. e.g. urg fwmaldchydc. phenol 
forrnaldch.&. (d) Gel: formation by addition polymerization. a?. 

induced by hear. mralyst andlor fight. t.g. various poLvcstas. - 
Geiarion time 

The time measured from the moment the adhesive is ready 
for use ro when the adhesive has sufficient consistency to 
resist flow under the conditions of the test. . - 

Glue (noun) 
e.g. animal glue. fish glue. An impure protein obtained by ' 

hydrolysis of colIagenous materiaIs such as skin. bone and 
connective tissue by various methods: also an adhesive 
prepared from this substance by heating with water. Norc. 
Through ecneral use. the rcrm 'glue' is ohcn synonymow with 
-adhesin' bur this is srrongiy depre~a~cd. 

Glue (verb) 
See 'bond'. 

Glue-line 
See 'bond-line'. 

Green strength 
The strengch of a bond determined immediately after 
assern bly. 

Cum 
A water-soluble vegetable resin or its solutions in water or 
aIcohoi or a solution of drxtrine in water. 

Gun-appiied adhesive 
.An adhesive that is designed for application by extrusion 
gun: also called 'gunnablc adhesive'. 

Heat-actiwted adhesive 
A dry coating of adhesive that is rendered tacky by 
applicarion of heat. 

The provision or resroration of the bonding properries of a 
dried adhesive film. 

Heat seal 
X joint made by reactivating a thermopiastic adhesive 
already present in a thin layer on the adherends (see 

W d i g  a d k i v e  
A thermoplastic adhesive already presenl in a thin layer on 

- - the adherends which. by the application of he= and 
-. pressure. forms the bond. 
Heat-stding adhesive film 

A hem-activated adhesive in film form. Note. The film may be 
a coating on an adherend. The turn is cammonly used in the 
packaging indusrry 

Hot-cruing adhesive 
An adhesive that cures at a rempcrature of 50°C or above. 

Hot-melt adhesive 
A thermoplastic adhesive chat is applied in the molten state 
and forms a bond on cooling to a solid state. 

Llot-setting adhesive 
An adhesive that sets at a tempemure of 50°C or above. 

ImpacI strength 
The force necessary (usually measured in units of energy) 
to bring an adhesiw joint to the point of failure by means 
of a very high rate of stress devdopmcnt. 

Jelly giue 
A prepared adhesin consistin_e of a geiied solution of 
animal glue in water. with or without additives such as 
plasticizas. fillers. etc. It is meited far use. 

tap sbcnr strength 
The force necessary to bring an adhesive joint to the point 
of failure by means of stress applied in the longitudinal 
mode. pardiet to rhc plant of the bond-line: also called 
 longitudinal shear strength'. 

Iata adhesive 
A stable dispersion of elastomtric polymer in a water 
continuous phase. 

Longitudinnl shear strength 
See 'lap shear strengrh: 

Mastic 
A term used mainly in the construction industry for s 
general purpose sealant. 

Mastic adhesive 
A viscous gapfilling adhesivc with slump-resisting 
properties thar can be applied either by spatula or from a 
gun (see alro 'mastic'). 

Mechanical adhesion 
Adhesion between surfaces due to the interlocking of a 
sdlid adhesive with the asperities of the surfaces or 
subsequent solidificarion of a liquid adhesive absorbed by 
parolls substrates. 

Mineral glue 
See 'silicate adhesive'. 

Mucifage 
A soludon of gum in m e r .  

Multi- par^ adhesive 
An adhesive that is packed as two or more separate 
reactive components that arc either mixed before use or 
appiied sepatately to the adherends. 

Multiple-Iayer adhesive 
A film adhesive. usually supported with a different. 
adhesive composition on eacn side. designed lo bond 
dissimilar materials. 

Negative thlxotmpy 
An increase of the apparent viscosity under shear stress 
followed by a gradual recover): when the stress is removed. 
me effect is time-dependent. Also u1Ied antithixormpy. 
rheopexy. 

One-part adhesive . 
An adhesive. sornctlmes prepared from several 
ingEdknts. that is packed in a single container and ready 
fnr 11rp hrtt which mav rcouirc the srlditinn nf warrr 



Onewaystick adhesive 
An adhcsive that is applied to only one of the adherends: 
aIso called 'single-spread adhesivc'. 

Paste adhesive 
An adhesive in pasre form. 

Peel 
A mode of application of a force to a joint in which one or 
both of the adherends are fiexible and in which the stress is 
concentrared at a boundary line. 

Peel adhesion 
See 'peel strength'. 

Peel strength 
The force necessary to bring an adhesive joint to failure 
andlor maintain a specified rate of failure by means of a 
stress appIied in the peeling mode. 

Polymerization adhesive 
An adhesive that sets by polymerization in the assembly. 

Pot life 
(a)  Hot-melt adhesives: the time for which an adhesivc. 
ready for use. remains usable when kept at the normal 
operating temperature. (b) Multi-part adhesives: the 
period during which the adhesive can be used after mixinz 
the components. This varies with volume and temperature 
o i  the mixed adhesives and [he ambient temperature. 

Pressure-sensitive adhcsive 
An adhesive rhat produces a permanently tacky film to 
which a second adhercnd rcadi1y"adheres after the brief 
application of pressure: also mlkd 'self-adhesive' bur this 
term is deprecated. 

Priming 
Application of a coaring to an adherend surface, prior to 
the appIintion of an adhesive. to improve adhesion andto;. 
durabiliry of the bond. 

Release agent 
X coating material intended to prevent or reduce adhesion. 
e.g. waxy materials. silicones. 

Resin 
(a) A solid. semi-soiid or liquid. usually oreanic. material 
that has an indefinite and often high molecular mass and.' 
when solid. usually has a softening or melting range and 
gives a conchoidal fracture. Note. Bitumens. pitches. gums 
and ~ x c s  an excluded by convmrion. (b) A poIymeric 
material. commonly uncompounded. used in the plastics 
indusrry. 

Sealing 
The application of a material 10 the surface of an 
adherend. prior to that nf the adhesive. in order to reduce 
the absorbency of !he adherend: also calkd 'sizing'. 

SelC-adhesiw 
S ~ P  'pressure-sensitive adhesive'. 

SeiT-curing adhesive 
A one-par1 adhesive that cures. lfrer application. under 
specified conditions. 

Self-seal adhesive 
See 'contact adhesive'. 

Separate application adhesive 
An. adheshe consisring of two parcs. one pan being 
applied to one adherend and the other pan to the Second 
adherend. The parts react when the two are broueht 
together to form a joint. 

Setting 
The process by which an adhesive increases irs cohesive 
srrcngrh by chemical or physiwl actian. e.g- 
polymerization. oxidation. getation. hydntion coo1ing. or 
cvaporarion of volatile constituents. 

Setting ternperstun 
The specified ternperamre for setting an adhesive (see also 
'cure remperarurc'). 

Setting time 
" me lime interval between the commenmcnt of a setting 

process. c.g. the application of heat andlor pressure to an 
assembled joint. and the dwelopmem of the desired level 
of bond strength. 

Shear 
A mode of application of a force to a joint that acts 'in the 
piane of the bond-Iinc. Thc force may be appfied in 
longitudinal compression or tension or torsion. 

Shear slrrngth 
The f o m  ntmsary  to bring an adhesive joint to the point 
of failure by means of forces applied in a shear mode. 

SheIf 1% 
The time of storage under stated conditions during which 
an adhesive may be expected to retain its working 
properties. 

Silkate adhesive 
A soiution of silicate in water. usually sodium siIime: also 
cailcd 'minerai glue'. 

Single-spmd adhesive 
See 'one-way-stick adhesivc'. 

Size 
Material used for sizing. 

S i n g  
See 'seaiing'. 

Scc 'solvent-borne adhesive'. 
Soinnt-activated adhesive 

A dry adhesive. prc-applied to an adhercnd. that is 
rendered tacky just prior to use by application of a solvent. 

T h e  use of solvent to provide or restore thc binding 
propenits of a dried adhesive film. 

Salvent adhesive 
A solvent or dilute solution of a polymer that dissolves the 
surfaces of the adherrnds. and which bonds as the solvent 
evaporates (see ako 'solvent-borne adhcsive'). 

S a l v m t - b d  a d k i w  
See 'solvent-bomt adhesive'. 

An adhesive in which the binder is dissolved in an organic 
solvent (see also 'solvent adhesive'). Also called solution 
adhcsive. sohent-based adhesive. . 

Spraying adhesive 
An adhesive that is designed for application by spraying. 

Stabiilzer 
An additive to an adhesive intended to prevent or slow 
down undesirable effects such as excessive reactivity. 
absorptian by adherends. coagulation. 

~truetu&i adhesive 
An adhesive used for bonding enzineering structures. I t  is 
usually a high-strength adhesive based on a thermosetting 
polymer. upable of sustaininga combination of stresses fr I 
long periods. tVo~c. The combinaiin of stresscs may. for 
cxampk. include pccl and shear fortes. fluctuarin~ toads. 
cnvimnrncnral cxpasure and steady load. 

Suintrsre 
X material upon the surface of which an adhesive- 
containing substance is sprcad for an)l purpose. such as 
bonding or coating, A bmader term than 'adherend' (q.v.). 

S~lppwtcd a d k i w  am 
An adhesive supplicd in a sheet or in a film form with an 



incorporated carrier that remains in the bond when the incorporated carrier. 
adhesive is applied and used. Note. Thc carrier may be wwcn Warm-curing adhesive 
or non-woven material consisting of organic or inorganic fibres. An adhesive that cures at temperatures between 13°C and 

S y ~ r e s i s  - .. - 50°C. 
The exuda~ion of small amounls of liquid by gels on Warm-setting adhesive 
standing. An adhesive that sets at temperatures berwcen 3 ° C  anc ' 

Synthetic resin 50°C. 
An adhesive based on a synthetic monomer or polymer. Water-borne adhesive 

Tack (noun) An adhesive in which the solvent. or the continuous phase 
The property of a material that enables it to form a bond in the case of an emulsion or larex. is water: also a i l ed  
immediately on contact wirh another surface which may be 'aqueous adhesive'. 
an adhercnd or  another layer of adhesive (see ' d ~  tack'). Waterpmf glue 
No~c. Tack describes the abitity of the adhesive surface u, d c f m  See 'water-resistant adhesive: 
and Am. wetting rhc second surface irnmediatcly on concan. Wntc~m~invlt  adbcsivt 
thcrcby forming a bond. An adhesive which. afta  setting in the joint. will 

Tack dry withstand prolonged conract with water. NOW. Thc term 
Exhibiting dry tack (q.v.): also calkd 'tacky dry'. 'warerpmf glue' is dcpmearcd because it i m p l i  that an 

l i c k  fon* imprcgnabk.banier to water is formed by the glue. which is very 
The fctrce necessary to separate the film of adhesive from a miskading. 
second surface. This force may increase with time as the Wet smgth 
film continues to flow. Noic. The term 'quick stick' b sometimes The strength of an adhesive bond determined immediately 
used to describe the tack form immcdiaciy aha the bond is after removai from a liquid in which it has bccn immersed 
ma&. under specific conditions. NOIL. The. rerm 'wet strength' is 

Tackifier commonly used alone to c h i m e  strength after immersion in 
An additive intended lo enhance the rack of an adhesive water. In the of some watcr-bum and latex a d h i v e s  the 
film. or to extend the tack range of an adhesive. term is also used to dcsaibc the bond srrcngh when rhr 

Tack range ' adherends aic brwght qe'rhcr with the adhesive still in rht wr 
The period of time for which an adhesive wilI be in the tack smc tree 'green strength'). 
dry condition after application to a specified adherend ~ddstrrss 
under specified conditions of temperature and humidity; The stress appiicd to a joint at which permanent 
also called 'tack rime'. deformation occurs: also cafkd 'yield value'. . 

B c  k time . ' SeId value 
See 'yield strength'. See 'tack range'. 

Terrsiie strength 
The force necessary ta bring an adhesive joint to the point APPENDIX: SPECIFIC MATERIALS 
of failure by means of an cssentialIy uniform stress at right 

. . 
angles ro the bond-line. Animal origin 

Tension Casein 
The mode of application of a tensile force normal 10 the Protein precipitated from skimmed miik by the action of 
plane of a joint between rigid adherends and uniformly rennet or acid. When compounded with other reactants 
distributed over the whole area of the bonddine. it is used as an adhesive for wood and packaging 

Thermoplastic (adjective) applications. 
Havine the property o i  being softened by hear and Calllgm 
hardened by cooling: these phenomena are repeatable. The natural protein of skin. bone and connective tissue 
Mav thermoplastic materials become thermosetting by from which gelatine and animal glue are obtained. 
appropriate treatment to induce crosslinking. e.g. by Gelalim 
addition of a suitabk chemical cmssiinking agent or by The soluble protein derived from collagen. 
irradiation'. 

Thermosetting Vcgerable origin 
Having the property of undergoing a chemical reaction by Canranba wax 
the acrion of heat. catalysts. ultraviolet light. etc, leading A naturally ocrsurring wax from the leaves of the BrasiIian 
to a relatively infusible state. Sore. Thermosczting resins. w palm (Copemica cervem) which is frequently used as 
when cured. are gencnily insoluble. a constituent of mkase agents (q.~.). 

Thixotropy Csshm-nut liquid 
A decrease of the apparent v i s m s r ~  under shear slress. n c  liquid (steam distiIlare) obtained fmm the nut of the 
followed by a gradual recovery *hen rhe stress is removed. cashew tree. ..inucordirr occidcnrde. which is mainlj 
The effect is rime-dependent. of natural phenols. Nore. Tht uses of cashew-nu1 

Two-part adhesire tiquid arc as follows: (a) an in~crmcdiate polymer. cashcw-nut 

A rnulri-pan adhesive comprising two componcnrs. [hat phcnoiic resin. u n  be formed which rcacrs with parafonnaldchyde 

are either mixed before llse or zpplied separately to the to give sli@tly flcxibk products: (b) as a n  a d h i v e .  in particular , . 

~dherends. [or abrasiw gnu and sand: (c) as a radcifia(q.v.). 

Tivwway-stick adhesive CeIlulmc cSW~S 

An adhesive that is applied to both adherends: slso called products of thc ewen'fication of certain of the hydroxyl 
'double-spread adhesive'. groups of the cdu!.ox: macrnmokcuk with organic or 

Ltnsuppwtcd adhesirc film acids: ~cl lu los-~ esters are solubk in organic 
An adhesive supplied in shee~. film or web. withour an solvents such as estcrs or ketones. and thus form the basis 



of some solvent-borne adhesives. h'orc. Examples of ccllutose 
esters art cellulose acetate. cd lubx  acc~oburyratt. ccllulox 
aceropropionate. cellul~se nirme. 

Celldose ethers 
Products of the ethcrification of certain of the hydmyi 
groups of the ceIlulose macromolemte; the ethers arc 
soluble in. or solubiIized by. water and simple afcohols and 
find use as the basis of water-soluble adhesives for paper 
and as thickening agents in water-borne adhesives. ,%re. . 
Examples of cdiulosc ethers arc carboxymcthyl cellulose. ethyl 
cellulose. mcrhyl ccllulore. 

Cellulose gum 
A water-soluble cellulose derivative used as a substirute for 
gum arabic (q.v.) 

~hlorinated rubber 
A white powder or fibrous produn obtained by the 
controlled chlorination of naural rubber. Nom. Chlorinated 
rubber is used as a compounding ingmdienr in adhcsiws. 

Colophony 
See 'rosin'. 

Cyciked rubber 
An isomeric derivative of natural rubber produced by a 
variety of chemical treatments. The producu are resinous 
and are used as rubber-to-metal adhesives. 

Dammar resin 
Resin obtained from species of Shorea. Hopea. 
Balnocarpur. and which is soluble in certain organic 
solvents. No~c. Darnmar rcain i s  used as a tackifia and modihcr 
of pressure-xmirivc adhesives. 

Dextrin(e1 
Modified starch prepared from s m h  by heat treatment in 
the dry state with or without the addirion of small'l 
quantities of chemical agents. Note. Darrinc is uscd in ccnairi 
water-borne adhesivts. 

Cum arabk 
The dried exudation from the stun and branches of Acacia 
xenegal Willdenow and other species of Acacia. High-. . 

purity varieties are known as 'gum acacia'. 
G urn tragacanth 

The dried mucilaginous exudarion from Astmgalus 
gurnmifer and other species of Atmgdu (Legwninosae). 
and which is pmly soiublc in mer .  Nore. Gum tragacanth is 
wed  2s a 'modifier and stabilizer in mu- (or occasionally 
aIcohol-) bomc adhesives. 

L i d o i l  
Oil obtained from mature seeds of linseed (Linum 
rrsitarirsimum L. ) by expression or solvent extraction. 

Oleresinoui materials 
Marerials composed of vegetable drying oils in conjunction 
with resins that may be either narural or synthetic. Norc. 
Oleo-resinous malerials arc used occvionally as adhesives for 
.labels and mnsfcrs. 

Rosin 
.A resin obtained as residue in rhe distillation of crude 
turpentine from the sap of the pine tree (gum rosin) or 
from an ennct.of the stumps and other parts of the tree 
(wood rosin): abo called 'colophony'. Norc. Hydrogenated 
and polymerized grade  arc nails*. 

Rubber hydmhhxide 
The derivative of natural rubber produc~s produced by the 
action of hydrogen chloride. 

Soya bean protein 
A prorein derived imm soya bean seeds. When 
compounded with orher reacranrs. i t  is used as an 
adhesive. m~stly in plywood. 

Starch 
Vegerable carbohydrate occurring in the granular form in 
certain plants and corresponding ro a polymer composed 

- almost exclusively of anhydroalpha-mglucose groups. 
' Starch ester 

Modified starch in which the hydroyxl groups of the starch 
have been totaIly or partially esterified. 

Starch ether 
Modified starch in which the hydroxyl groups.of the starch 
have been totaIly or partially etherihed. 

Terpcne w i n  
Pale thermoplastic polyrerpcne hydrocarbons obtained by 
the acid-catalyzed polymeriza~ion of the bicyclic 
monotapene 8-pinme (or occasionalty a-pintne) produc~s 
of the distillarion of sulphate wood rutpentine. ~utc.  
E r p a c  m i n  is principally used in a d k i v u  a a ~ackifia (see 

'solvent-bm adhesive*). 

Mineral origin 
Acrylic 

A general t m  used to describe a fairly large family of 
polymers and copolymers where at least one principal 
structural unit is derived from acrylic or methacryfic acids 
or their esters. 
CH2 = CH COOR.CH1 = CKOOR. 

C H ~  
Norc. Potyrncrs of this cia= find ourkts as mnsrirums of many 
types of solvcnr-borne adhesives and emulsion adhesives. 
panicularly w k  resistance ro plasticizer migration is required. 

Amhoplast 
See 'amino-resin'. 

See 'amino-resin: 
Amineresin 

A thermosetring synthetic resin derived from a 
condenszion reaction of urea. thiourea. melamine or 
alticd compounds alone or in combination. with 
formaidehyde: also called 'aminoplast'. 'aminoplasric resin'. 

AsFJWt 
See-'bi rumen'. 

Bitumen 
A very viscous liquid or solid. consisting essentialIy of 
hydrocarbons and their derivatives. that are soluble in 
carbon disulphide. Ir is nrbstan~ially non-volatile and 
softens gradualIy when heafed. Note- Bitumen is Mack or 
brown in colwr and possesses maproofing and adhesive 
properties. Bitumen is obtained by refinery processes from 
pcrmkum. and is also found as a naturai deposir or as a 
component of naturally occurring asphalt. in which it is associated 
with mineral ma. 

Chl4xbsed PYI3 
A granular material produced by the chlorination of 
polyvinyl chloride. It is soluble in a wide range of organic 
solvents. Note. Chlorimccd PVC is u x d  in adhesives for bonding 
plxries. particularly for bonding unplasticiid poiyvinyl chloridt. 

Chioroprene rubber (CRI, pdy~hiorPprrne I 

A ranee of synthetic rubbers based on polymerized 
chioropine. widely used in rhe formulation of contact 
adhesives. 

Chlorosulphorrated polyethylene 
A vulanizable eiastornenc material prepared by the 
simultaneous chlorination and chlomsuIphonarion of 
polyethylene in solu~ion with gaseous chlorine and sulphur 
dicrcide. Norc. Chlmsuiphnarcd polycdtyknc is uscd as a 
surface coating and in lhox: applicarims w h  syn~her~c rubber is 



typically used. 

A type of thermoplastic resin obtained by the acid 
cmlyzed polymeriiarion of coal-tar petroleum fractions 
rich in coumamne,and indene. Norc. Coumaronc/indcne resin 
is irtqucnrly used as a tackificr. 

A highiy specialized type of acrylic monomer. esters of 
qanoacrylic acid having the general formula 
CHI = F-COOR. 

CN 

rapidly in the form of thin endosed films and arc used as the active 
entity in mrain closc-scning polymaidn~ adhesives. 

Epacide resin 
A synthetic resin containing epoxide groups: also called 
'epoxy rcsin: Nore. This is a class of thermoserting rcsin that may 
bc used in adhesives for structural purposes cspeciaily when 
cross-linkcd with a hardener or caralyst such as. for example. 
amincs or anhydrides. . 

Epcny resin 
See 'epaxide resin'. 

Ester gum 
Resinous esrcrs of rosin acids with polyhydric alcohols 
such as glycerol or penraeryrhritol. Narc. Ester gums arc 
sornc!imes used in rackificrs (q-v.). 

hram resin (furan) 
A thermosetting synthetic rcsin derived from the 
condensation of a phenolic compound and furfural. 

Melamine fcKmaldehyde (MR 
See 'amino-resin'. 

NitriWbutadiene 
See 'polybutadiendacrylonittile rubber'. 

Novdak 
The result of reaaing phenols and aldehydes normally 
under dkaline conditions with aldehyde in molar excessi 
The mokcutes do nor contain reacrive methyl01 groups and 
cannot condense on the application of heat withour the* 
addition of hardening azcnts (see also 'resol'). . 

Phend formaldehyde (PR 
See 'phenoiic nsin'. 

~henoiic resin 
A synthetic resin produced by the condensation of a phenol 
(e.g. phenol. cresol. xyienol. rtsoranol or mixtures ,of 
these compounds) with an alddiydc or mixtures of 
aldehydes (formaldehyde. furfuraldehyde) (see d o  'resol' 
and 'novolak'). 

fDlyacrylonitriIehtadkndstyrme (ABS) 
A range of synthetic rubbers ar resins made by the 
copolymerizrrrion of butadicne. acrylonitrik and styrene. 
They have oil. solvent and plasticizer-resisrant'properries 
depending on their acvionitrile content. 

Polyarnidc tP.4) 
The polymeric reaction product usuaIIy of dicarbaxylic 
acids and diamines having the repeating linkage 
- 4 R-y<-1 

H 0 
.Vote. Thuc arc 'unrcactiw' and 'r~zctin' types of polymidcs. 
Thc former arc made fmm dimer acids and diamines and arc solids 
used as hot-melt adhes~m. Thc h t l a  arc uusl ly  madc from 
dimer acids and polyamines and contain free amine groups. Thcy 
ace usually liquids and arc u x d  in rwo-part adhesives. They arc 
rcfared ro as 'polyarninoarnidcs*. 

Fdybutadknelacryloaitde rubber (nitrik rubber. NBR). 
nitrik/buhdlme 

- - A range of synthetic rubbers made by [he - .  copoiymerization of butadiene and acryfonitrik. Thcy have 
oil. solvent and plascicizff-resistant propcnies depcndin 
on hei r  aqlonitriIe content. 

h l y h t a d i m e i m  rubber (SBRI, styrrwlbutadiene 
rubber ' 

A range of gencral purpose synthetii: rubbcrs or  sins 
made by the copoIymcrizarion of butadiene and styrene. 
When suitably compounded they form the base for a wide 
range of solvent-borne adhesives. SBR is also available as 
latices which are constihltnts of many adhesives, 

fdychkm~rrnc ,  c h - m  rubber O R )  
A range of synthetic rubbers based on plymerized 

. chloroprcnc. widely used in the formulation of ,conracr 
adhesives. 

Pd.yeser 
Polymeric reaction product of alcohols and carbaqlic acids 
having the repeating linkage 
(-R+)) 

0 
The polyester may be of the saturated or unsaturated type 
depending on the d ica rbq l i c  acid used. Norc. The 
unsarurarcd polycstm are used in conjumion u;irh a liquid 
-ullsarumed mnomtr (e.g. s tymie )  as h basis of two-part 
adhtsivcz that rcquirt a caralyr;t system. The satumcd polyeslers . 

arc widely used as hot-mdt adhesives. 
Myethylme (PE) 

A polymer of cthykne. having the main chain rrpem unit 
-(CH2.CH+, used in hot-melt adhesive formulations. . 

Polybbutylme !PI131 
A product of the polmerization of isobutylene (1 
methyfpropenc) having the basic main chain repeat unir 
-(CH3)2 CH-. Norc. hlyisobutyknc is somerimcs wed as a 
basis of solnnt-borne adhcsivv; giving films with pressure- 
scnsiuvc or self-staling pmpmks. and as a modifia. 

Polyokfin 
A-rhermoplastic material produced by the polymerization 
or copolymerization of olefins, e.g. ethylene. pmpylene. 

C '  porystyrcne(PS) .A chermapiasric material produced by the polymerization 
bf styrene. Nore, Polys~rrae is  used in solu~ion in organic solvent 
as an adhesive for p~lpymnc and certain porous marcrids. 

P d y d p h i d t  
Polymers. usually liquids. co~ra in i r ;~  disulphide linkages 
together with reptared bis(ethykne oxy)-methane groups. 
These groups are most commonly terminated with thiol 
and hydrtayI groups. 

Polyurclham 
A poIymer derived from the reaction of a polyisocyanate 
with a polyhydmy1 compound normally of polyester or 
polyether structure. 

Pdyvinyi aceM 
A thermoplastic material derived from polyvinyl zcetaie I., 
which tster groups have been replaced by hydroql groups 
and most of rhese hydroxyl groups convened to acetal 
groups by reaction with an aldehyde. Norc. The l a m  

'poiyvinyi accraI' is  used for the polymcr mde from acetaldchyt 
and g e n a i d y  fa the orher members of the scries. 

Myvinyl acetate (PYX) 
A range of thermoplastic materials in either emulsion or 
minous form pmduced by the poiyrncrimtion of vinyl 



acetate as the sole o r  principal monomer. Now. Polyvinyl 
acetate is used as a versatik adhesive for porous materials. 
particularly for wood and papa. and for general packaging work. 

Polyvinyl alcohol (PVAL) 
A thermoplastic material produced by the hydrolysis of 
polyvinyl acerale. Commercial polyvinyl alcohol usually 
contains some residual acetale _emups. Norc. 'Ihc uses of 
polyvinyl alcohol are as follows: l a )  its a water-soluble adhcsivc for 
pornus materials and for us= in contact wirh food: [b) as an* 
additive in other adhesives to i m p m  adhesion and RS a stabilizer. 
etc.: (c )  as a heat-seal or moisture-reactivation adhcsivc. 

Polyvinyl butyral 
A thermoplastic polymer made fmm poiyvinyl alcohol and 
butyraldehyde. Norr. The main uses of polyvinyl b u y 4  arc as 
follows: (a) as a consriruenr of two-polymm syslcms which provide 
hinh-strength structural adhesives: fb) as a main component of 
certain hot-melt adhcsivts uscd in particular far larnimcd safety 
elass and packaging applications. 

pOiYYinyl chiwide (PVC) 
A range of thermoplastic materials produced by the 
poiyrnerization of vinyl chloride. Note. When compounded 
with suitable plasticizers. adhesion-pmmotin_s maraials. 
stabilizers. ctc, m a i n  rges of PVC lorn plastisols which may be 
wed as flrxibk hot-seuing adhcsivrs. The uses of P\rC arc as 
follows. l a )  Plasrisots: zap-filling shock-absorbing adhesives. (b) 
In solution in certain organ~c solvenrs they pmvide adhesivcs for 
PVC and vinyl copolyrna mareriais. 

Polyvinyl formal 
A thermoplastic polymer made from polyvinyl alcohol and 
formaldchyie. .Vore. The main u x  of polyvinyl formal is as a 
clrnstitucnr of two-polymm systems to provide high-s~rengrh, 
structural adhesives. 

Resinoid 
A thermosetting resin. either in the inicial. remporary. 
fusible state or in the Hnal. infusible state (see &o 
'novolak'). . - 

Resof 
The result of reacting phenols and aldehydes normally .: 

under aIkaline conditions with aidebde in molar excess. 
The ~ o ~ ~ C L I I E S  contain reactive rnethylol groups which will 
condense together on the application of heat (set aLro 

:: 'nmlak'). 
Resorcinol formaldehyde 

See 'phenolic resin'. 
Silicone polymer (SII 

A polymer in which the moiecuies consist of main chains of 
alternate silicon and oxygen atoms with side groups 
containing carbon. 

Stymne/butediene rubber  
Sec 'polyburadiene/styrene rubber.. 

Urea formaldehyde 
See 'amino-resinm. 

Vinylresin . 
Resin based on the vinyl group or radical CH2.= CW-. In 
combination wirh another group or radical R it may define 
a vinyl monomer CHI = CM - R. which can be contxrted. 
by addition reaction. to a polymer having the main chain 
repcar unit 
-CM_+H-. 

R 
No~r. %chnoTqimI usagc of vinyl resin is normally rrstricted to 
macriak whose main chain repeat units a r t  derived from vinyl 
chloride (where R is 13). vinyl acelate lwherc R is CHtCOO-1 or 
rhe rhcorctical vinyl alcohol (where R would be OH). Strict 
polymer slicncc nomenclature would include any polymer derived 
(ram a monorncr of tbe a b m  gcncral type. c.g.polystyrtnt. 

Wax 
A range of low molecular mass solid aliphatic 
hydmcarbons such as paraffin wax or microcrysralline wax 
commonly uscd in hot-melt adhesives. 
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CLEAR AND PIGMENTED EPOXY RESINS FOR 
S T A J N E ~  GLASS CONSERVATION: 

LIGHT AGEING STUDIES 

Abstrsct-Daylight and accdcratcd ageing tesrs on a scrics of clear epoxy resins arc described 
and thc results discussed in terms of their rcndcncy to yellow on cxposurc to light. Some factors 
imporrant in the yellowing process arc dcwribcd. A suies of dyestuffs which disperse msily in 
epoxy resin to give transparent casts with good light-fastnm is rcponed. 

I 

i I. INTRODUCTION 

The conservation of stained glass panels often incorporates techniques which utilize I synthetic resins for edge-to-edge jointing of broken glass or as fillers for replacing missing 
parts [I]. The problems encountered in selection of suitable materials for conservation of 
vitreous artifacts have been fully described by Moncrieff [2] and adhesives and fillers for 
ancient materials have been reported 131. Epoxy resins have been used extensively as both 
ad? les and gap-fillers for glass conservation and a recent aru'cIe describes their appli- 
cation to @ass vessels [4j. For stained glass the resin can be pigmented to match the colour 
of the original glass 15, q. . 

In many cases, however, epoxy resins are used as adhesives whiIe other materials, notably ' acrylics, are used as gap-fliers 14, 7, 81. The good resistance of acrylics to yellowing renders 

I them suitable for thii purpose but their poor adhesion to glass is a severe disadvantage. It  
Was considered desirable as a starting point for the work described in this article that, if 

f possible, a single material should function as both an adhesive and gap-filler for glass 
\Conservation, and cpony resins were considered a prime candidate. 
i Although they have many suitable properties which render them an effective class of polymer 
' for @ass conservation, the propensity of many epoxy resins to  yeIlow with age is a dis- 
1 advan-. For industrial purposes, water-white clariry and non-yellowing charac~eristics 
; are generally of low impomnce and these factors are subordinate to optimization of, for 
example, adhesive strength, chemical resistance or hear distortion temperature. Con- 
sequently, while rhermal degradation of epoxy resins has been widely studied. their 

, photodegradation--of greater importance to conservators-is poorly documented and little 
tunderstaod. Lee and Watson [9] have reported the ultraviolet resistance of several epoxy 
!resin systems and the yellowing of epoxy resins for use as conservation materials has been 
:briefly mentioned 131. 
jrhe light-fastness of dyes and pigments varies greatiy. Furthermore this propkrty depends 

the resin medium [lo] and it is meaningless to specify the light-fastness of a dyestuff 
pithout reference to the medium in which it is incorporated. The implication is that for 
hnservation purposes, where the most stringent demands are made on durabiIity, each 
;dyestuff should be evaluated in the medium in which it will be used. Again epoxy resins 
h v e  not been well studied in this respect and manufacturers do not generally quote the 
light-fasmss of dyes and pigmenls in epoxy medium. 
I t  is therefore the purpost of this article to report the ageing behaviour of epoxy resins 
Qtrrcntly used in glass conservation. to examine the potential of alternative water-white 
'tPoj :sins. and to suggest a range of dyestuffs suitable for pigmenting epoxy resins for 

conservation. Phorochemical: depadation can modify various poIymer properties. 
study is, however, concerned solely with the ycliowing of clear epoxy resins and the 

fading of pigmented epoxies by thc action of light. 
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2. SELECTlON OF RESINS FOR INVEST1GATlO)i  

Epoxies are basically two-component system consisting of a resin and hardener wEch 
react to form the cured producr. The chemistry of epoxy resins has been well summahd 
by Potter [I I]. Although epoxy resins can be grouped into a small number of subclasses 
depending on the type of resin and hardener employed. many thousands of variations 
within these clmes are available commercially. These variations lead ro different physial 
and chemical properties such as temperature of cure. viscosity and working life of tht mix. 
ture. or hardness and water-whiteness of the cured system. In addition. other componcn~ 
such as flexibiIizers or accelerators may be added to the two main components to modify 
their properties. 
The six products evaluated in this study and described in Tablc 1 were selected tither 
because they are currently used for glass conservation or because it was felt they had 
potential in this connection. Selection for ageing srudies was made primarily on the h5is 
that the cured resin should possess water-white clarity. Since heating glass o b j m  is 
inadvisable [I21 the restriction to room-temperature cure served to eliminate very 
products. 
The resin component of all the products in this study is based on the diglycidylcther of 
Bisphenol A (diphenylolpropane) and has the general formula: 

L J 11 

Resins with a variety of moIecular weights are possible and this is dependent on the number 
of repeat units, represented by different values of n. Abiebond 342-1, for example, is a low 
molecular weight resin where n is essentially 0 or I, and predominantly 0. 
The hardeners are all amines of various chemical constitutions. 

3. SELECTION OF DYESTUFFS FOR INVESTIGATION 

In order to produce colourtd casts resembling stained glass, a range of dyes and pigments 
which disperse readily to give intense colours and good transparency is necessary. Many 
dyestuffs either do not disperse easily in epoxy resin or give opaque casts. Several products 
were excluded on these grounds alone. Tfie problem is successfully overcome by thr: 
Chrornophtalrange in which the pi-ement is dispersed in dioctyiphthalate (DOP) which 
promotes ready dispersion at room temperature. Table 3 Iim the selected ranges whose 
hues are suitable for stained glass restoration. 

4. DETERMINATION OF PHOTOCHEMICAL STABlLITY 

The epoxy resin samples were prepared as described below in two forms: as clear or coiourca 
casts for visual and instrumental examination, and as thin films for instrumend mrn- 
ination by IR and W-visible spectroscopy. The thickness of the msts was chosen to be 
representative of that encountered in stained glass panels. 
Ageins was performed under accelerated conditions using the apparatus first reponcd 
by Giles, Shah, and BaiIlie [I31 and now available commercially from Microscal. Two 
light sources-Philips 400 W MB/U and 500 W MBTL lamps-were used. This apparatus 
has been used extensively to determine the light-fastness of dyed textiles including d y d s  
for conservation [14]. The role of various factors in accelerated ageing tests has been sum- 
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* 
jmarized by Feller [Iq. A different balarice of factors will operate in the photochemicaI 
3terioration of polymers (and indeed between diKerent polymers 1163) compared to dye- 
;stuffs. Reliable extension of the Microscal apparatus to @e degradation of polymers can- 
not therefore be inferred from success with dyed textiles. Thus, while the Microscal 
appararus appears to offer a cheap, convenient and effective means of performing accel- 
crated ageing tests on many conservation materials, the accelerated ageing tests in this scudp 
have been complemented by daylight ageing tests. 

I 5. S T A N D A R D S  FOR D E T E R M f N A T l O h '  OF P H O T O C H E M I C A L  S T A B I L I T Y  

The ii,gh~-fastness of dyed textiles is commonl~ specified with respect to eight I S 0  Blue 
Wool Standards and their application to dy- for conservation has been reported rl4]. 
These standards also find application in the ageing of plastics [ I  7 ]  and Feller has suggested 
%heir adoption as standards for cIassifimuon of thermoplastic resins for conservation [IS]. 

use of these standards as monitors for illumination under museum conditions has 
described [19]. . 

this study the IS0 Blue Wool Standards have been used conventionally [10] to determine 
the light fastness of the pigmented epoxy resins ff abIe 31. They have also been incorporared 
into the ageing tests on the clear resins as dosimeters for the amount of radiation received. 
though these standards are non-uniform in their response to radiation throughout the 

-isible spectrum, good spacing of fading rates with MB/U and MBTL lamps compared 
~ y l i g h t  1131 would give confidence to their use as simple dosimeters to enable inter- 
parison between daylight and accelerated ageing tests. Furthermore, the end point of 

e tests was taken as the onset of just perceptible fading of Standard 7, which is faded 
klely by radiation less than 460 nm [21], the region causing most degradation in polymers. g 6. EXPERIMENTAL 

1 Preparation of Clear Resins 
n. 50 g samples of resin were mixed with hardeners and, where necessary, additional 

&mponcnts according ro tbe manufacturer's recommended proportions as d M  in 
- a l e  1. Quantities were mmsurtd precisely in disposable polypropylene beakers and thc 

TABLE I 

X) srstem h . .  Conniruenrs Miring 

r e  
prop or lion^ 

$*nldile AIrI0I/HY9SI AY103: Biwhmol A diglycidyl cfhcr 
+ diburylphrhalarc 1 M) 

NY951: Tricthylcnc rctraminc I0 
Resin : Bisphcnol A diglycidyl ether 

+diburylphthaIale 100 
Hardener: Aliphatic aminc 33 

crmose~ 600:No. 64 600: Bisphmol A diglycidyl elhcr 1W 
NO. 64: NHsCH(CW,)CH,-[OCH,CH(CN,J-]ENHI 35 
Accrlcrator: Alkyl phenol. C,H,,.C,H,OH IS  
k i n  : Bisphcnol A diglyadyl ethcr 100 . 
Hardener: Aliphatic amine 25 

f Araldite MI790:X83-3 19 MY790: Bisphcnol A djglycidyl ether 100 
-6 Rexibiiizcr DY040 X83-3 19: lsophoronc diamine 24 

DY040: Polypropylene glycol 70 
bond 342-1 Resin : Bisphcnol A diglyddyl ether 100 .& . Hardener: Polyoxypropylcnc diamine 32 



mixtures stirred with a glass rod. Casts of dimensions 5 x 1.5 x 0-3 cm were prepard in 
silicone rubber (Silastic 9 161 RTV!Catalyst N9 161) moulds. Mild warming 'of AraJdile 
MY790 and Ablebond 342-1 resins was necessary since these resins were solid at roorn 
temperarure. 

Thin Film. Samples of the mixed resin system were pressed berwetn smooth rigid poIythene 
sheets and cured under a heavy load to ensure thin films. The-films were rtmoved from the 
polytfiene with a scalpel and mounted on Specacard holders for spectroscopic examination. 
Uniformity of thickness betwccn samples was gauged by the intensity of the IR absorption 
bands. 

6.3. Preparation of Pigmenred Resin 
The colouring agents (0-05 Dk by weight of the total resin system) were added ,to 50 g resin 
samples (Ablebond 342-1 and Thermoset 600/ No. 64) and dispersed by stinins thoroughj, 
with a giass rod, and when necessary warming ar 50CC, prior to addition of the hardtn" 
and other components. Adjustment of the weight of the Chromophtal DOP Paste range wU 
made to compensate for the presence of pIasticizer. Casts of dimensions 5 x 1-5 x 0-3 cm 
were prepared in silicone rubber moulds. 

6.3. ~ ~ e i n ~  Tests 
Daylight Exposure. Exposure to daylight was carried out under glass in an exposure rack 
which incorporated the essential features prescribed by BS 1006: I971 [203. The exposure 
rack faced due south and samples were disposed at an angle of 56', the latitude of Glasgow, 
the location of the test site. 

Microscai Exposure. This apparatus was used with water-cooled cells which maintained tht 
sample temperature below 50°C (MB/U lamp) and 40°C (MBTL lamp) as measured by 
Hermet remperature-sensitive strips. The relative humidity was maintained at about 45 
by saturated solutions of potassium carbonare in the sample cells. Exposure was continu4 
till IS0 Blue Wool Standard 7 displayed just perceptible fading. This was equivalent to 
approximately 600 hours and I000 hours illumination for the MB/U and MBTL lamps 
respectively. 

Samples. The clear resin casts were covered to  half their width with aluminium foil and 
placed on a backing of aluminium foil. Removal of the foil after exposure alfowed measure. 
ment of the extent of yellowing. The thin films were exposed with a backing of aIuminium 
foil. The coloured casts were p rops ive ly  covered by strips of aluminium foiI in accord 
with the method of test BS 1006: 1971. 

6.4 Assessmmr of Samples from Ageing Tests 
Yellowness Index. The YelIowness Indices were determined according to the prescribe 

. 
method [22] by means of a Precema Spcctromat FS3A. 

Specrroscopic Examinarion. IR  spectra were recorded on a ferkjn Elmer PE297 instrument 
and UV-visible spectra were recorded on a Pye Unicarn SP8-100 recording sptctro- 
photometer. 

Yimal Inspection. Grey Scale Contrast a i d  Light-fastness ratings were estimated by a panel 
of three observers under artificial daylight illumination (conforming to BS 950 Part I )  
against a standard white tile background. 

Studies in Cumervarion, 24 (1979). 15SI64 
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7. RESULTS AND DISCUSSIOX 

light ageing tests resulted in varying degrees of yellowing of the clear epoxy resin 
ples a d  served to discriminate we11 beryeen those products which maintained good 

.ptcr-white clarity and those which yellowed badly. In each case the yellowing occurred 
,prrdominantly on the top surface of the resin casts. 
The light-fastness tests on the pigmented resins revealed a very wide variarion in this 
propeny in epoxy resin medium and enabled selection of suitable products. 

21. Clear Resins 
2.1.1. Yellowness Index of Resin Casrs 

da t ive  photostability of the clear resins may be gauged from Table 2 which categorizes 
ins in terms of their Yellowness Index [22] before and after daylight and Microscal 

g. Similar resulrs were obtained in Microscal (MBTL) ageing tests. The 
dex* is used in this study as a quantitative measure of both the inuinsic 
the sample and the depree of yellowing produced by ageing. Resins with 
w tint will have a high Yellomess Index whereas resins which approach 

mter-whtte clariry will have low values. 

TABLE 2 
- - - -  - -- 

Yeliownesr index - Grey scale contrarr 

Dayiighr Microscul MBIU DqvIighr Microscal 
MB/ I' 

Before Afier d YI Before Afier A YI 
ageing ageing ageing ageing 

it-can be seen from Table 2 that the resins before ageing show varying degrees of 
and thar the increase in yellowness on ageing also varies prearly. Araldire 

AY103/~~951 ,  for example. has a strong yelIow tint which darkens dramatically an 
b m g d  exposure to light. This ydlowing is represented by a change in Yellowness Index. 

59.1 (Microscal MB/U). In contrast. Ablebond 342-1 yellows 
on exposure to the same conditions reflected by AYI values of 5.8 (daylight) 

is markedly less yellow after exposure than 

of Table 2 thar the results of exposure in fbe Microscal apparatus 
from daylight exposure. The seven resins show the same order or 

YclIowntss Index, M. is dcfined as follow: 
Y1 = (100 ( 1  -%X-I-06Zm))IY crr 

Xm, YCIE and Z C ~ E  arc the triaimulu ~ l u c s  of the specimen rcla~ivc to source C 

Srrrdjes in Conxmarion, 14 ( 1979). 152-1 6-4 



resistance to yellowing in elch test. In addition. although the absolute values of the Ydlow, 
ness Index are affected by minor imperfections in the quality of the czsts. there is good 
correlation between the values of dYl for the different exposure conditions. The fiwm do 
indicate, however. increased yellowing of Araldite AY103!HY951 and Plastogen ~p 
samples as a result of Microscal exposure. The presence of prominent lines below 4% nm 
in the emission spectrum o i  MB/U and MBTL lamps [I31 may be responsible for tht 
enhancement of yellowing over daylight exposure in these cases. Further work is in proe;ms 
to examine the variation between Microscal and daylight exposure. 
The participation of thermal degradation in the yellowing process was excluded by a ~ n ~ o l  
set of resin casts which showed no discernibte yellowing when maintained in the dark 
50°C. the operating temperature of the Microscal apparatus, for the duration of the %u 

. . 
7.1.3, Gre!, Scale Conrrasr of Resin Casr~ 
The degree of fading of textile samples is often expressed in terms of the contrasts of the 
IS0 Grey Scale for Assessing Change in Colour (BS 26621 and this scale has been well 
described by FelIer [19], The degree of yellowing of the aged epoxy samples can a h  bc 
quantified in the same way but for this the Grey Scale for Assessing Staining (BS 2%;) 
was preferred [23]. The contrast between white and grey in this scale facilitates comparison 
with the clear and yellow portions of the aged samples. The division of this scale into h d i  
steps is an additional advantage. The scale is marked in half steps from I (greatest contrast) 
to 5 (no contrasr) and the results of grading in these terms are given in Table 2. Good 
discrimination is possible by this simple visual method which correlates surprisingly well 
with AYI, an instrumental expression of the same feature. 
It is clear from these results that three resins, Nos, 5-7 in Table 2. approach the idea! of 
water-white clarity and rerain this property well after ageing. As such they would kic 
categorized as Class A meterials in Feller's designation of museum consemalion materials 
[I 5). Ablebond 342- 1 has performed particularly well in practice and rhe apphcation of this 
resin to mined _glass conservation will be described in a future article. 

-- --.- ---- ..-.. - - - - ---- l--, ..- I*,- a# IV 30 )V .ma a*; 4.- rx rn 
"a,, . t...,. .- a*. 1.1.1,- ..-. 

FIG. l UV-visible transmission spxrra of FIG. 1 UV-visible transmission spectra of 
Anlditc AY103/HY9SI . ( I )  before ageing, Ablebond 342-1 (1 before ageing, (2) afta XYI 
(1) after 200 hours, (3) after 400 hours, (4) after hours, (3) after 400 .hours, (4) after 600 hours' 
600 horn' MicroscaI (MB/LF) ageing. Microscal (MBIU) ageing. 
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k .3. Utr-visible and IR Spectra of Thin Resin Films . 
e degradation of the resins was monitored by UV-visible and IR spectroscopy. 

p e  UV-visible spectra were recorded at intervals of ZOO hours' exposure to  the ~B!U'Iarnp 
.md show quantiratively the spect~oscopic changes which are seen 2s yeliowinp by the naked 
tyt. Apin the pronounced yellowing of Araldite AJr1031HY951 is clear from the marked 
shift of the spectrum lowards the visible accompanied by increasing absorption in the blue 
region as egeing proceeds. In contrast. the spectra of Ablebond 342-1 show very lirtlc change, 
indicative of the good photostability of' this system. These spectra are reproduced in 
figures I and 7. Again no thermal degradation was detected under these test conditions. 

FEC. 3 Infrared absorption spectrum af Ablebond 342-1. Before ageing I-]. After ageing I +- --.-. )- 

IR spectra of all seven resins under investigation have been recorded at intervals 
out the exposure tests. Similar changes are observed in all cases though they do not 
to  be quantitatively related to the degree of yellowing. Figure 3 shows the IR 

m of Ablebond 342-1 before and after ageing. From this the principal chemical 
gcs which accompany the yellowing can be deduced. the most pronounced of which is 

formarion of carbonyl bonds (C=O) characterized by new bands at 1725 and 1660 an-'. 
t growth of the 1735 cm-I band in Araldite AY 103/HY951 (F1gure4) is partially obscured 
the carbony1 absorption of dibutyiphthdate plasticizer. 
addition. the position of the hydroxyl (OH) stretching band has shifted slightly to  higher 

ave1engt.h at 3425 cm-I. There is a slight increase in inrensity and the band has broadened. 
pronounced is a slight diminution in the intensity of the band at 91 8 cm-'. Cure of the 

~n is accompanied by the disappearance of a band ar 910 cm-1, characteristic of the 
b d d *  i n g  [24]. The change in this r e ~ o n  after ageing may therefore be indicative of ring 
h i .  ~f some residual epoxide groups. 

Studies in Conservorion, 24 (19791, 152-164 



.- FIG. 4 Infrared absorprion spectrum of Araldite AYl03/HY951 in the carbon! 
lm *00 

wavr wuu,ll ,-.,, region. Bcfore ageing (-1. After ageing ( --*-• 1. 

From these spectra the degradation is. as would be expected, seen to be an oxidative proc?, 
The precise mechanism of photodegradadon is uncertain and is the subjecr of funhv 
investigation. Many factors are likely to be important not least of which is the chcmicz 
nature of the resin and hardener. From this study. however, it is clear that additional factor 
are important in the yellowing process. 

7.1.4. Factors Affecring rhe Yellowling of the Resin 
(i) Purity of the Resin 
The presence of additives such as plasticizers, diluents and accelerarors is common in cpol 
resin technology. That these resins can promote yellowing is clear from this study whtr  
dibutylphthalate plasticizer and aIkyl phenol accelerator both promote the yellowing of rb 
systems to which they are added (Table 2). 
Ageing of Araldite AY105/HY95I, identical to the AY103/HY951 system except for th 
presence of 20% dibutylphthalate in the latter, shows that the presence of plesticjzc 
promotes the yellowing significantly. Addition of 20% dibutyIphthalate to the AYlOf 
W951 and AbIebond 342-1 systems causes enhanced yeIlowing of these resins. Since tt; 
plasticizer undergoes no yellowing under the same conditions. an intermolecular intemaic 
leading to the yellowing can be inferred. The role of trace impurities is also thought to - 
important and this factor is the subject of a funher study. 

(ii) Rario of Resin to Hardener 
Casts of Ablebond 342-1 resin with EY.2 excess or deficiency of hardener from 'the man, 
facturer's recommended value showed more yellowing than normal casts. The ytllowin 
was more pronounced in the sample with hardener deficiency. In contrast, Anll: 
AY 103/HY951 showed less pronounced yellowing when 25 excess of hardener was p ~ s c  
compared to cam with the recommended proportions. 
The effect is clearly variable and demands accurate measurement of resin and hardener t. 
the conservator. 

7.3. Pigmenred Resins 
It is a complementary part of this investigation that a range of suitable dyes and p i p c n ~  
be selected which when added to epoxy resin disperse readily to produce transparent casr 
of good light-fastness. Table 3 lists a range of products which meet these requircmenr 

Srudics in Cott~crvarion. 24 (1979). 153-164 
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The light-fastness is specified in relation to the eight IS0 Blue Wool Standards and in car 
case falls in the range 6-8. As such they are suitable for conservation purposes. 
The light-fastness tests were camed out on coloured epoxy casts prepared as describe 
above. Since the light-fastness of a given dye depends on the dye concentration and 
thickness of the medium, these factors were kept constant from one cast to ano&= ~h~~ 
exposure conditions were used : natural daylight, Microscal (MB!UI and Microscal (MBTL 
There is very good qreement between the results of daylight and Microscal exposure. 
accord with the observations for dyed textile samples. This is. however, the first repon oftf 
use ofthis apparatus in spkcifying the light-fastness of cotourcd resin samples. 
These tests are necessitated by the variation in light-fastness which can occur &tb bin&,. 
medium [lo]. In this study many dyestuffs were found to exhibir very poor i i&t- f~ness  . 
epoxy resin compared to polyesrer and acrylic resins. These results will be r epo rw  els, 
where and one example will serve to illustrace the point. Themoplast Blue P (%illet 
Violet 13). an anthraquinone derivative, displayed the hishest light-fasrness, 8, ,he 
dispersed in acrylic resin and subjected to Microscal MB/U exposure. When disptrsed : 
epoxy resin, the lowest light-fastness, ID. was recorded, and this dyestuff would darkc 
a f ~ r  a few days exposure to natural daylight. 
Ease of dispersion is a further problem and aLeain is dependent on the resin system. 11 
unfonunately true that dyes tend to disperse with ease but to have lower light-fastness th, 
pigments which disperse with difficulty. Immediate dispersion of the Chromophtal range 
pi-menu is possible and while large proportions of dibutylphthalate have been shown t 
increase the yellowing of epoxy resin, the very srnaIl amounts of dioctylphthalate introduce 
into the resin mixture in rhis way do not seem to be disadvantageous. For some dyes, ~ n r :  
warming in the resin or hardener or resinfhardener mimre  facilitates dispersion. Sol~biU; 
in the hardener is generally p e r  than in the resin. 
The addition of dyes or pigments can accelerate or retard the cure of resin systems. This w: 
not found with the materials investigated in this study. 

Light ageing tests have shown that the yellowing commonly exhibited by epoxy resins nty 
not be a barrier to their use in glass conservation. Room-temperature curing systems whir 
maintain good water-white clarity can be found. Similarly, while epoxy resins are found r 
be a particularly harsh medium for ensuring good light-fastness, suitable colouring agen 
can be selected. 
Examples of resins and dyestuffs are therefore suggmted which on the basis of the 
behaviour to light satisfy the stringent demands made on conservation materials. ?he: 
materials have been selected for application to stained glass conservation but the 
application to conservation of other materials, notably ceramics, would be justified on tt+ 

basis of this work. 
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SUPPLIERS O F  M A T E R I A L S  A N D  EQUIPMENT kAT Resins/B~rden~rs 
.Xralditc. Ciba-Geigy Piastics and Additives Co., Plastics Division. Duxford, Cambridge CB24QA. 
XIK. 
'Plasiogen. Manufacturer: Alfons Schmid~  Spcyer, St Geman-Str. 14. Germany. UK Supplier: 
Frank H'. Joel Ltd. PO Box No. 6, Downham Market Norfolk PUS 9ED. 
EporeL Manufacturer: Epoxy Technology Inc.. 65 Grove Street. Watertown. M a s .  0217' USA. 
UK Supplier: Alpha Metals Ltd, 457 Kingston Road. EweU. Surrey. 
T b m o s e ~  Manufacturer: Thermoset Plastics Inc.. 5101 East 65th Strwl. Indianapolis, Indiana 
46220. USA. UK Supplier: Kentron Inrernational Lld. Metropolitan House. Victoria Avenue. 
kuthend-on-Sea, Essw SS2 6BS. 
Ablebond Manufacrurcr: Abltsrili Laboratories. 833 Wea J E h d  Srreet, ~ a r d e n a  California 
$0248. USA. UK Supplier: Intersem Ltd. Haywood House, Pinncr. Middlesex: HA5 SQA. 

F. Dispersions and Pigments Division. PO Box 4, Earl Road. Chcadle Hume, Cheadlc. 
shim SIC8 6QG, UK. 

ba-Geip Plastics and 'Additives Co.. Pigments Division. Roundthorn industrial &tale. 
Wyihcnshawe. Mancheslcr M D  9ND. UK. 

 kce el lane om 
gp- t ic  9161 RTV, Catalyst N9162 DOH' Corning Ltd. Barry. Glarnorgan. UK. 

tt Tcmperarure Indicators. PJD Ins~rumenrs Lrd, IS The Green, Southall, Middlesex 
2 4AH. UK. 

cards. Specac. Lagoon Road, St Mary Cmy. Orpington. Kent BR5 3QX, UK. 
tZiuoscal Lighl-'Fastness Tester. Miaoscal Ltd, 79 Southern Row. Kensal Rise. London 
9 1 0  5AL. UK. 
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A#stralt--On dtcrit des essais a la Iumi5rc du jour ct cn vidlliss:mcnr accclbri d'unc sCrie dc 
risincs lpmy transparcnres ct les rbultau sont discutk en termcs dc jaunissrmmt a k 
lumikrt. On y trouvcra la description dcs factcurs imponanrs de ce jaunisscmcnt ainsi qut d a  
donnits nhtivcs B unc e r i e  dc colora~ts sc dispma~t facilemcnt dans la risinc epoxy et 
wnduisant B des moulages transparenu dont on donne fcs diffinntcs tmues a la lumicm. 

Kdammg-Tagmlicht- und bcschlcunigtc AItcrungsrtste an eincr Reihe klam Epoxydhme 
werdcn bcschriebcn und dic Ergebnissc hinsichtIich ihrer Tendcnz zur Vcrgilbung, wcnn sic 
ticht ausgcctzt werden.diskuticrt. Ubcr cine Rcihe von FarbstofTen.diesich lcichr in Expoxyd- 
harz auflascn, urn durchsichtige GGtissc mi1 guur Lichtbcstandigkcit zu crgcbtn. wird beridrtc~ 
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